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EDITORIAL 


RANGE CONSERVATION AND THE Pusiic LAanp Laws 


Forest Service, entitled “The West- 
= ern Range”, takes its place along- 
side of the Copeland Report as a com- 
prehensive and monumental study of one 
9f the great conservation problems of 
he United States. 

The major finding is succinctly stated 
at the outset. Range depletion is “so 
vearly universal under all conditions of 
imate, topography, and ownership that 
he exceptions serve only to prove the 
ule.” The original carrying capacity of 
he 728 million acres comprising the 
vestern range area has been cut down 
yy more than one-half, and the present 
tocking exceeds the present carrying ca- 
yacity by more than 60 per cent. To 
wing the range back to a level of pro- 
luctiveness equal to the present volume 
f grazing use will probably require 
aore than fifty years of management, 
nd to bring it back to full productive- 
ess may easily require more than one 
undred years. One of the major causes 
f this depletion is found in “a national 
and policy unsuited to the semiarid and 
jountain grazing lands of the West.” 

But this is no new discovery. More 
lan sixty years ago the Commissioner of 
ie General Land Office declared the pub- 
e land laws unsuited to the semiarid 
estern range country. More than thirty 


f] recently published report of the 


years ago another Commissioner of the 
General Land Office was a member of 
President Theodore Roosevelt’s Public 
Lands Commission, which affirmed that 
“the information obtained . . . discloses 
a prevailing opinion that the present land 
laws do not fit the conditions of the re- 
maining public lands.” In both cases 
the same reason was given for the misfit: 
the laws were framed to suit the lands of 
the humid region, not of the dry West, in 
which irrigation was usually necessary for 
successful farming. 

It is true that the land laws of today 
affecting the western range are by no 
means those of thirty and still less those 
of sixty years ago. And it is also true 
that the changes advocated by the critics 
of the laws in 1875 and in 1905 were 
wholly dissimilar, and that in neither 
case was a legislative program proposed 
comparable with that formulated in “The 
Western Range.” It is nevertheless ap- 
propriate to ask whether the slow rate of 
progress toward a correction of the con- 
ditions which, as all foresters know, have 
been causing progressive depletion of the 
public domain grazing lands almost from 
the beginning of their use is ascribable 
to influences that must still be reckoned 
with as part of the range problem. 

These influences “The Western Range” 
does not clearly bring out. In plain 
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terms, they are the political influences 
exerted by and on behalf of western busi- 
ness interests seeking their own welfare. 

In theory, the public land laws were 
intended to bring about settlement and 
development of the country by small in- 
dependent landowners who would them- 
selves put to beneficial use individual 
holdings of a size no greater than they 
would require to support their families. 
The homestead law, passed in 1862, 
was the capstone of this policy. Uncle 
Sam stood ready to give every man 
a farm. The policy worked out in the 
humid region, but the limitations imposed 
made the homestead law largely inap- 
plicable when the natural range country 
was reached. This was what Commis- 
sioner of the General Land Office Burdett 
saw in 1875; and the solution which he 
proposed was to open the lands to pur- 
chase by the stockmen. 

But by that time the energetic people 
who were pouring into the West were 
beginning to develop a different remedy. 
The main point was to get the land from 
a benevolent government. By doing so, 
it was generally believed, one helped to 
build up the country. Land speculation 
was stimulated by the ease with which 
title could be obtained under color of 
the law; and that peculiar but thoroughly 
understandable and human attitude to- 
ward the stretching of the law known 
as the “public-land conscience” spread 
through the West. Frauds and plunder- 
ing reached gigantic proportions as the 
public domain became a public grab- 
bag; and wealth was rolled up. But it 
went mostly to the astute; and instead 
of a region of small freehold farmers the 
West became a region economically and 
politically controlled by enterprising men 
of business. Their major interest was 
not in having new laws passed, but was 
in having the old laws so administered 
as to make acquisition easy, by the meth- 
ods which had become customary. Hence 
the importance to those most active and 
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prominent in the western business life, 0 
Interior Department administration b» 
officers friendly to their point of views 
and this was usually obtained. 

When Theodore Roosevelt’s Publi: 
Lands Commission was created, thert 
were still some 470 million acres of um 
appropriated and unreserved public land 
in the continental United States—almos 
one-fourth of the total land area—o¢ 
which more than 460 million acres wer 
in the West. To the Commission 
fundamental fact in the situation was tha 
the number of patents issued was increas 
ing out of all proportion to the numbe 
of new homes. “The effect of laws passeq 
to promote settlement is now not infre 
quently to prevent or retard it.” La 
monopoly was becoming extensive, a 
a large part of the government land we 
passing into the hands of speculators a 
corporations. The free play of economi 
forces was giving the big fellows tod 
much and leaving the would-be homa 
makers too little; and the Commissiod 
proposed as one remedy governmenté 
control of the public range lands, in tk 
interest of social objectives. 

Federal administration of grazing di’ 
tricts was urged, but primarily “to sav 
the remaining public domain for actu 
home builders to the utmost limit of fi 
ture possibilities.” Range conservation 
of course, was to be assured, throug¢ 
wisely regulated use; but full forage crop 
were to be the means of maintaining mop 
independent homes, not merely of feedir 
more livestock. And wherever the agr 
cultural possibilities of the land we 
sufficiently good for the support of 
family, the land should be classified : 
agricultural and opened to settlement, i 
tracts of a size suitable for that purpos: 
and no greater. 

This was the birth of a range conse¢ 
vation policy. It coordinated with t 
whole National Forest policy, motivate 
as that was by the conception of a gee 
eral public interest superior to and offte 
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necessarily in conflict with the economic 
interests of special groups; and moti- 
vated also by the Theodore Roosevelt be- 
lief that sound public policy demanded 
governmental control of big business to 
prevent monopolies both of essential re- 
sources and of the business field, and to 
guarantee the square deal to the little 
fellow. The basic measures proposed 
were authorization for the Secretary of 
Agriculture to classify the lands, and 
where immediate agricultural settlement 
did not promise success, to establish and 
administer grazing districts with regu- 
lated use under a pay permit system. 
_ On the National Forests this range con- 
servation policy went at once into force 
when the old forest reserves were trans- 
ferred to the Department of Agriculture. 
But to the western interests politically 
and economically dominant the National- 
Forest policy was highly distasteful; for 
it curtailed the field of opportunity for 
piling up wealth through exploitation. 
In fighting it they worked to the limit 
the stalking horse of the hardy pioneer 
and poor settler, as a cover for the 
schemes of privilege. 
_ The controlling interests in the live- 
Stock industry did not want government 
regulation of range use undertaken to 
conserve the resource, and they did not 
‘want to pay grazing fees, either on the 
National Forests or on the open range. 
By and large, the Interior Department 
Viewpoint on public domain range regu- 
dation versus disposal consistently re- 
flected their own. Outside the National 
Forests, the permanence of which long 
hung in the balance, the idea of range 
conservation through federal control of 
use made no headway; and in 1916 it 
received what looked like its final quietus 
in the form of the grazing homestead law. 
This law was strongly backed by the 
Interior Department. To meet the ob- 
jections and quiet the opposition of in- 
fluential conservationists, notably Con- 
ressman William Kent of California, be- 
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fore the law was passed certain under- 
standings were reached regarding its in- 
terpretation and proposed administration. 
But later these were thrown to the winds 
in the interest of the widest disposal of 
the public range lands possible under the 
law. The evils of the “dust bowl” are 
largely if not chiefly chargeable to this 
law and the way it was administered. 

Twelve years ago the Secretary of the 
Interior then in office pronounced the 
grazing homestead law (which by that 
time had secured the alienation of about 
all of the public domain lands to which 
it could be applied) unsatisfactory in its 
workings, and recommended its repeal 
and the enactment of a new law for 
grazing regulation by the Interior De- 
partment along the lines which the For- 
est Service had steadfastly advocated. 
Out of this came the Taylor Act, passed 
in 1934. But its final form was altered 
to meet the wishes of the powerful organ- 
ized livestock interests, dominated by the 
big men, not the rank and file of small 
range users. Financial interests now 
deeply involved in the livestock industry 
through bank loans have also become 
an influencing factor in legislation and 
administration. The law was_ unsatis- 
factory in its safeguards of the public 
interest; and the course that is being 
taken in its application gives ground for 
fears that the interests of the livestock 
industry are still the primary solicitude 
of the organization that is carrying out 
the law. 

Two years ago the Director of the then 
newly created organization, speaking be- 
fore the Washington Section of the So- 
ciety, set forth imposingly the importance 
and power of the range livestock industry 
in the economic life of the eleven far 
western states. It then seemed manifest 
that the interests and wishes of the in- 
dustry would be decisive in determining 
the course to be pursued. In September 
of the present year, according to an Asso- 
ciated Press dispatch from Phoenix, Ariz., 
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Director Carpenter “warned Arizona live- 
stock men... against the creation of 
grazing districts except as a last resort.” 
He was quoted in part as follows: 

“It is foolish to stick your heads in a 
collar of government regulation if you 
are satisfied with present conditions. Your 
land (the italics are ours) has done 
pretty well lying out there in the great 
outdoors. If it’s still doing all right, 
why not leave it alone? ...It is a 
serious matter when you impose the 
regulations of another government on 
your range. (Again the italics are ours.) 
. .. A grazing district is another form 
of government, and it exacts its levies.” 

Perhaps the fact that this was said in 
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the fall of an election year should be 
remembered in deciding how much weight 
should be given the speech in Arizona. 
Nevertheless, the course which has beem 
pursued in administering the Taylor Act 
has not indicated friendliness towards the 
National Forest purposes. The facts and 
conclusions set forth in “The Wester 
Range” reopen some of the issues lai 
before Congress by Theodore Rooseveltl 
in 1905. Thirty years ago, western polit 
ical influences made the Theodore Roose+ 
velt conservation policies a great battle 
ground of national policy; and range con 
servation, save on the National Forests. 
lost out. Since then, however, the issu 

involved have become much better under. 
stood. The time is ripe for a new deal. 


Renters Sue 


Or 


THE FOREST INFLUENCE ON STREAMFLOW UNDER DIVERGENT 
CONDITIONS 


By C. G. BATES 


Lake States Forest Experiment Station 


When the more sensational features of the freshet arising upon eroding agricultural 
land are set aside, what substantial factual basis remains to show that forests affect 


the yearlong extremes of streamflow? 


This question, always an intriguing one, is 


treated for the condition of hilly southwestern Wisconsin and adjacent Minnesota, by 
comparing various measures with the standards set up by the Wagon Wheel Gap 


streamflow experiment in Colorado. 


Strangely, despite considerable differences in 


climate and marked differences in soil conditions, it is shown that forest and other 

vegetation take care of the water situations about equally well in the two regions, 

and that it is only when bared soils enter into the picture that serious consequences 
are felt. 


from Winona, Minn., on the afternoon 

of August 16, 1932, within an hour 
after the beginning of one of the cloud- 
burst type of rains characteristic of the 
hot season in this section of the Missis- 
Sippi valley, you would have seen an 11- 
foot wall of water pouring from the 
mouth of Gilmore Creek on to the broad 
floor of the valley. The discharge of this 
stream, from an area of 9 square miles, 
had risen from 5 cubic feet per second in 
the morning to a momentary peak of 
nearly 5,000 second-feet. And had you 
remained in the vicinity, you would have 
seen it subside almost as quickly. 

Being a forester, you could not have 
failed to wonder what had happened to 
the “controls” of this watershed to per- 
mit such a deluge, whose importance from 
the erosion standpoint would be perfectly 
obvious by reason of the dark color and 
viscous character of the stream. Quite 
apart from its capacity to damage prop- 
erty along its way, you would no doubt 
have pondered that question so familiar 
to foresters: What loss to the watershed 
and to permanent streamflow does this 
deluge represent? The answer is, of 
course, not simply and directly obtained, 
and probably never can be except by ex- 
haustive watershed studies. Even these 
may not be completely satisfactory in a 


[ you had started to drive northwest 


961 


a= oh) ll 


region of sedimentary rocks, where the 
course travelled by underground waters is 
very uncertain. 

However, the writer, having witnessed 
a great many phenomena such as the 
above since 1929, has long wished to 
venture into this field, and has here 
brought together a number of “measures” 
which bear upon the subject in a reason- 
ably exact quantitative way. It is re- 
gretted that both time and space neces- 
sitate a rather sketchy treatment. Attempt 
will be made, so far as the data permit, 
to compare streamflow conditions and the 
parts played by vegetation in streamflow 
phenomena in two regions, differing pri- 
marily in having young and old soils, 
respectively. There are other differences, 
and some similarities, which will be 
brought out where their importance can 
be most clearly seen. 

The soil at Wagon Wheel Gap in Colo- 
rado is extremely open and porous, being 
a very immature development from hard, 
reasonably fine igneous rocks, subject to 
such instability as practically to prevent 
any retention of the finer materials which 
might result from weathering. The soil 
at La Crosse is a fine silt loam, a loess 
mantle of no great thickness on most 
slopes, overlying a residual clayey soil 
derived mostly from: limestone and filled 
with limestone fragments. There are oc- 
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casional sandy streaks of soil near sand- 
stone outcrops, but they play little part 
in this discussion, or in the region as a 
whole. 

Reference will be made to the final 
report! of the Wagon Wheel Gap stream- 
flow experiment, in Colorado, with which 
the writer was associated during its entire 
life of sixteen years (1910-1926), and 
to various investigations in Wisconsin and 
Minnesota, largely unpublished, upon 
which he has been engaged since 1929. 
Particularly, in the latter connection, there 
are considered three small forest water- 
sheds at the Soil Erosion Station near La 
Crosse, Wisc. For the data from these 
watersheds and from lysimeters which 
the Forest Service has recently put into 
operation, special thanks are due to Har- 
old F. Scholz, Assistant Silviculturist. 
Other run-off data for field areas, col- 
lected at this same station under direction 
of the Bureaus of Chemistry and Soils 
and Agricultural Engineering, and_re- 
cently by the Soil Conservation Service, 
will be mentioned in a more general way. 

In this paper the term “run-off” is used 
only to denote flow which does not enter 
the ground. 


RUN-OFF UNDER FOREST 


The Wagon Wheel Gap experiment 
dealt with living small streams from two 
steep watersheds of about 200 acres each, 
the shorter and steeper of which had a 
channel rise of about 1,700 feet in a 
length of 4,600 feet, or an average of 37 
per cent. However, the mean slope gra- 
dient was computed as only 26 per cent. 
The channel gradient of the 1l-acre for- 
ested watershed at La Crosse is about 27 
per cent, but some of the side slopes 
reach 50 per cent. Thus the opportu- 
nities for run-off were very similar. The 
La Crosse areas are so near the top of 
the 600-foot rise above the valley floor 
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that they develop no springs, although! 
doubtless contributing to a permanent! 
stream below. 

The forest at Wagon Wheel Gap ha 
been one of Douglas fir, spruce, and 
aspen prior to a fire 25 years before th 
experiment, with the result that only 
and 44 per cent of the two watersheds 
were covered by conifers during the first 
half of the experiment, with nearly as 
much aspen, and large areas on each of 
grass and bare rock. 

The forest cover at La Crosse consiste 
of about 80 per cent oak-hickory second 
growth, and 20 per cent open grassland 
At the outset the watershed’s upper mar- 
gin, kept open by both cutting and pas4 
turing, was yielding some direct run-o 
and transmitting a good deal more fro! 
fields above. With the ditching-off of the 
latter, the sod was within two years heal 
and matted to form almost as receptive 
a sponge as the leafy forest floor; a 
at the time of which we write there is 
good evidence that it could absorb the 
hardest of rains. This open margin has 
been seeded to native hardwoods, and willl 
soon have the same floor conditions as the 
forest. N 

With 22 inches annual precipitation a 
Wagon Wheel Gap and (normally) about 
31 inches at La Crosse, both forest floors 
have shown capacity to absorb all raina 
There is doubtless at times con 
siderable winter run-off at La Crossez 
due to the fact that the first snows do nob 
remain on the ground and winter thawy 
may leave large parts of the area cov- 
ered by a sheet of ice, from which later 
melted snow or early rains run off. How: 
ever, there is little doubt but that even 
under such conditions leaf litter plays ar 
important part, keeping the soil entirely 
unfrozen in the depressions where it is 
deepest, and reabsorbing much run-off 
from more exposed areas. In the spring 


*Forest and streamflow experiment at Wagon Wheel Gap, Colo. Final Report. Monthl: 


Weather Rev. Supplement No. 30, 1928. 


FOREST INFLUENCE ON STREAMFLOW 


of 1935 there was no run-off, due to un- 
frozen soil throughout the winter. In 
1934, somewhat unreliable? records indi- 
cated that with 1.20 inches of water on 
the ground in the form of ice and snow, 
and 0.74 inch falling as rain with only 
the surface thawed, there may have been 
as much as 0.5 inch of run-off, about 
April 2. 

At Wagon Wheel Gap, summer rainfall 
comes almost entirely in light showers 
and was easily handled. Direct run-off 
after rain was calculated to represent no 
more than the rain which fell directly in 
the stream or on its constantly wet mar- 
gins, and on part of the rock-slide area. 
Although the winter accumulation of snow 
is large, it rarely melted in such a way 
that the water was not taken into the 
ground within a short distance. It is 
true, however, that some bare areas, such 
as the rock-slides, having no soil at all, 
contributed their snow water quite quickly 
to the stream, so that it would come to 
a peak on each day of rapid melting. 
Moreover, as storage in the ground was 
built up, stream discharge of percolation 
water increased promptly. 

In both cases, therefore, although rains 
have caused some run-off, it is apparent 
that this is almost exclusively water which 
falls on bare, rocky ground or within the 
stream channel itself. In one most re- 
markable case at La Crosse even this 
trace was not yielded by at least three- 
fourths of the watershed. On July 5, 
1934, a rain of 3 inches, of which more 
than 2 inches fell in the first hour, and 
having an intensity near its beginning 
such as is rarely recorded anywhere, was 
absorbed by the forested watershed with- 
out so much as disturbing the dead 
leaves in parts of the channel which are 
certain to receive any run-off from the 
head of the watershed. The gauging rec- 
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ord for the storm on this and other water- 
sheds was broken, however, because of 
breaks in the diversion ditches, which in 
the case of the forested watershed caused 
a heavy stream of muddy water to enter 
the channel just above the measuring 
point. Another small stream of similar 
muddy water was absorbed on the grassy 
slope already referred to, during the time 
that it was also absorbing the direct rain. 

This complete and unlimited capacity 
of a loess soil to absorb rains of any 
amount or intensity is almost unbelievable 
until one realizes the luxuriance of all 
vegetative growth in the region and the 
large amount of humus formed thereby. 
The result on a larger scale entirely con- 
firms the observations made with run-off 
traps in 1929, and reported with some 
misgivings.® 

A single large rain-storm at Wagon 
Wheel Gap in October, 1911, gives an 
excellent illustration of how large rains 
are absorbed and eventually distributed 
in the streamflow, even by a watershed 
of somewhat limited storage capacity. It 
is of interest also in explaining what 
happens annually with the water from 
snow, not so directly evident because the 
time of availability of the snow water 
cannot be seen so clearly. This rain 
amounted to 3.46 inches in a period of 
about 30 hours, with a maximum rate of 
0.31 inch in the hour just before noon of 
October 5. Thereafter a small amount 
fell until midnight. The first peak of 
streamflow was reached within an hour 
after the maximum fall, showing how 
directly this water must have fallen into 
the stream. This peak flow, however, was 
less than six times the rate of flow main- 
tained before the rain. 

By midnight of October 5 the discharge 
of this stream, including the regular flow, 
had accounted for only 1.7 per cent of 


2Flow almost certainly exaggerated through clogging of measuring flumes with slush. 


) Bates, C. G., and O. R. Zeasman. 
of Wisc. Research Bull. 99, 1930. 
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the rainfall. The stream, however, dropped 
very little from its direct-rainfall peak, 
and on October 9 had again risen to a 
second, flat, slightly higher crest, repre- 
senting without doubt the concentration 
of seepage contributions from all parts 
of the ground reservoir. At the close of 
this sixth day the total discharge had 
amounted to 8.5 per cent of the rainfall. 
At the close of October the discharge 
rate was still nearly 50. per cent above 
that which prevailed before the rain, and 
the total discharge had amounted to only 
25 per cent of the rainfall. An excess 
of flow due to this single soaking rain 
-was traceable in the record until the be- 
ginning of the spring melt. 


Errect oF ForEsST REMOVAL 


Although the most striking facts are 
not brought out by this comparison, there 
will be next considered the effect on run- 
off of removing the forest, without com- 
pletely denuding. 

After eight years of ‘satisfactory rec- 
ords had been obtained, one of the water- 
sheds at Wagon Wheel Gap was cut over. 
The accessible coniferous timber was 
logged off, and the tops and loppings, 
together with the larger volume of aspen 
trees, were burned in long “windrow” 
piles, their long axes running up and 
down the slopes. The baring of these 
strips, amounting to 20-25 per cent of 
the area, was the nearest approach pos- 
sible to complete denudation, since com- 
mon caution precluded firing at a time 
when a general fire would run over the 
ground. 

A 7-acre watershed at La Crosse, hav- 
ing forest conditions similar to those of 
the larger area already described, was 
likewise cleared in 1932-33. The posts 
and fuel were ricked up for later removal, 
and the brush and tops were burned in 
numerous round piles. By the time satis- 
factory run-off records were obtained in 
1935, it had twice been necessary to cut 
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sprouts from the hardwood stumps, ana 
a reasonably effective grass sod had ree 
placed the thin grass, weeds, and leag 
litter which existed under the forest. 

The cutting and partial denudation: az 
Wagon Wheel Gap produced no markee 
run-off from the area as a whole, and i 
is here that the effect of the loose, porou 
soil is very apparent. It is true thas 
some noticeable run-off occurred in skid¢ 
trails during the first year or two aftes 
cutting, and for one 3-month period iii 
the fifth year the normal rate of erosion 
(comparing always with the undisturbee| 
watershed as the control) was increasec 
some 30 times. For the 7-year perioo 
after cutting the erosion was increase 
less than 8 times. While these ratios a 
pear large, they still represent inconses 
quential erosion, the highest 12-montlt 
rate being only 38 pounds per acre from 
the deforested watershed, in contrast tél 
as many tons frequently eroded from fineg 
soils under cultivation. 

The effect of the similar denudatio: 
at La Crosse is not shown by continuo 
streamflow measurements. Rather, onl 
the direct run-off from each rain is mea 
surable. Few measurements of any val 
were obtained until the summer of 1935 
because of breaks in the diversion ditches 
which separate each watershed from 
ridge-top fields, and failure of automatii 
measuring apparatus. By this time i 
was apparent that the denuded watershea 
because of improving sod, was already ox 
the upgrade. Such erosion as occurre¢ 
could not be called general, althoug# 
part of it was doubtless from poorl 
vegetated areas on which silt had bees 
deposited as late as 1934. Most of - 
occurred along the still unhealed channel 
through which larger volumes of wate 
had passed in previous years, before thi 
field areas above were segregated. Thi 
quantity of erosion, therefore, could na 
be considered typical of a virgin aree 
but in previous scarring this and the con 
trol watershed were similar, and erosioc 
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quantities are roughly proportionate to for the inference that more severe graz- 
run-off. ing, such as is practiced on private pas- 
From May 26 to October 30, 1935, tures in this region, would have produced 
eight rains totalling 12.33 inches caused much larger quantities of run-off and 
run-off on one or more of these water- erosion. 
sheds, while the total precipitation was Only 1.62 per cent of the precipitation 
24.18 inches, about equal to a year’s fall occurring as direct run-off is an insig- 
-at Wagon Wheel Gap. Of these eight nificant item in the total possible water 
‘rains, only two, with 10-minute intensities yield of an area of this type. Assuming 
of 2.82 and 3.36 inches per hour, pro- the same percentage to apply the year 
duced run-off from the forested area, the around, and using 31 inches as the nor- 
latter amounting to 0.7 per cent as com- mal precipitation, this run-off would’ 
pared with 6.2 per cent for the deforested amount to 0.5 inch. The La Crosse 
area. River, into which these watersheds drain, 
For the eight storms, the deforested area has a flow of 9.92 inches annually from 
had a total run-off of 0.3917 inch, or 1.62 its entire watershed,* and there is no rea- 
per cent of the entire period rainfall, and son to suppose these areas yield less than 
erosion of 603 pounds per acre. Corre- the average, even though it is not imme- 
sponding figures for the forested water- diately seen. Therefore, the summer run- 
‘shed were: 0.0189 inch, or .08 per cent off is roughly 5 per cent of the total 
of the rainfall, and erosion of 17 pounds. water yield. 
For all practical purposes these results The largest separate amount of run-oft 
represent the total losses for a year with included in the above summary is 3,118 
37.91 inches of precipitation. cubic feet, or .036 cubic feet per second, 
A third watershed, partly timbered and for one day, and with seepage flow of 
“grazed, gives results indicative of those .0069 feet per second the total discharge 
which the deforested area almost certainly on the highest day of the year would he 
gave in the first two summers after cut- 12.3 times the assumed annual minimum 
ting. Here the run-off percentage was seepage flow of .00347 feet per second.® 
4.41 and the erosion 1,591 pounds per This single year, then, compares with a 
‘acre. ‘These higher figures are believed mean ratio of 17:1 for the Wagon Wheel 
due to the inability of the vegetation un- Gap area (12:1 before deforesting) and 
‘der forest to stand trampling, but other an extreme after denuding of 32.6:1 com- 
‘differences may enter into the results. pared with 22.9 before deforesting. In 
_ By comparison with the run-off and the one case we are, of course, dealing 
erosion from the forested watershed which with expected freshets from summer rains, 
Shad had three years to heal its old scars, while in the case of the Colorado streams 
‘the increase on the cut-over and pastured the annual floods were directly the result 
area is really very moderate and in no of melting of the accumulated snow of a 
wise comparable to the expected effects long winter, and no discharge at other 
of complete denudation. However, more seasons—with the exception of the one 
“marked effects were obtained in 1934, a October flood already described—ever ap- 
dry year. This in itself would give basis proached the crest day usually reached 


4See footnote 6. ‘This figure is based only on a 4-year record, but the quantity is fairly 
representative for streams of the region. oe 
- °These calculations based on the area of this watershed, 0.00914 square mile, an be 
ield of 0.76 second-feet per square mile, and an assumed winter flow of 50 per en of the 
verage 1 second-foot per square mile equals in one year a discharge of 13.56 inches over 


t he watershed. 
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in early May. That southwestern Wis- 
consin may, in some years, produce even 
greater freshets in the spring than from 
summer rains upon this deforested water- 
shed, has been indicated by the reference 
already made to run-off on April 2, 1934, 
which, if the record could be depended on, 
was about six times as great as the quan- 
tity just discussed. While records for 
large streams indicate a greater frequency 
and volume of floods at this early season 
than later, yet it is well known that it is 
the most intense summer rains, frequently 
affecting only small areas, which are like- 
ly to produce the “highs” for such areas. 

One would expect a strikingly greater 
tendency for water to run off superficially 
in the La Crosse area, because of the fine 
soil and the fact that summer rains are 
here much more torrential. That the re- 
liable data so far collected show no ten- 
dency to reach great extremes from sum- 
mer downpours is merely proof of the 
ability of soil, climate, and vegetation 
other than forest to reach an equilibrium. 


Errect oF CoMPLETE Soi Exposure 


Before any inference can possibly be 
drawn as to the effect of forests in regu- 
lating streamflow, in comparison with 
areas which, at critical periods, may be 
devoid of vegetation or bearing crops 
which give little protection to the soil, 
there must be examined more extreme 
conditions. To do so it is necessary in 
both of the situations which are being 
compared to go beyond the realm of ex- 
perimental data and to attempt to corre- 
late a number of disconnected facts. 

For the Wagon Wheel Gap area there 
is only one observation which can even 
suggest the extent to which stream per- 
formance might have been affected by 
more complete denudation. On a larger 
watershed close to the experimental areas, 
the October, 1911, rain produced, on a 
rough estimate, five times as sharp a flood 
peak as was produced on the experi- 
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mental areas. This watershed had ap; 
parently been burned within a relatively 
few years, had scant vegetative cover! 
and had lately been disturbed by cone 
siderable logging of the dead timbers 
Damage done by the flood along tha 
stream channel is the principal basis foo 
this estimate of water volume. The effecx 
was accentuated by a logging road which 
followed closely the bank of the strea 
and by obstructing logs in the channel. 

On the basis of this unusual storm, on: 
might grant that complete denudation 
the experimental areas would double th 
size of average spring flood peaks b 
comparison with those obtaining after dd 
forestation, but even if this ratio wer 
maintained during two or three days a 
unusually rapid melting each year, t 
increased run-off would detract fror 
ground storage only by 0.2 to 0.3 inch 
and could be expected to have little effe 
on the low stage of flow reached late i 
the summer and almost wholly depender 
on the storage supply. Therefore, 
seems reasonably safe to say that, fo 
these soil conditions, the average ratil 
of highest day to lowest day for the yea 
would not be likely to exceed 35:1. 

The experimental areas at La Crosse 
not permit of establishing such a rati 
for conditions of severe denudation. Ther 
are, however, ample data in this regi 
for developing this situation. 

Many field observations at the 
Crosse Erosion Station have shown ru 
off in individual rains of as much « 
70-80 per cent. Considering both th 
these results are for very small areas, wi 
artificial dike boundaries in many i 
stances, and that not all “original” ru: 
off may reach a distant stream, it seen 
safer to assume that with rains of 2! 
inches in a day about 50 per cent net ru. 
off may occur from bare soil or tilld 
crops. 

The average yield of larger watershe 
in this region is around 10 inches «+ 
water per annum, so that, assuming su@ 
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field areas yield only average amounts, 
their discharge in a single day may be 
10 per cent of the annual total. Hoyt 
and others® in a paper recently issued, 
show the mean yield of the La Crosse 
River to be 9.92 inches per year; the 
ground-water discharge, as _ calculated 
from all periods of dry-weather flow, is 
7.28 inches; and the surface run-off is 
therefore estimated at 2.64 inches per 
annum. Considering that the drainage 
area is at least 50 per cent untilled, this 
may mean 4-5 inches per annum surface 
run-off from tilled areas. 

A watershed of 9.05 square miles near 
Winona, Minn., (cultivated to more than 
the usual extent for so dissected an area) 
which has no regular stream gauge but 
has been observed under a great variety 
of conditions, is estimated from nearby 
gauged streams to yield a yearlong aver- 
age flow of 6.6 feet per second. Although 
lower stages have been noted, the low 
stage reached by the stream, Gilmore 
Creek, in the late summer is usually about 
3.5 feet per second, slightly more than 
50 per cent of the average, while the 
“ratio at Wagon Wheel Gap, 8-year mean, 
for both watersheds before denudation 
was exactly 50 per cent. As at Wagon 
Wheel Gap, the winter flow of Gilmore 
Creek probably reaches a slightly lower 
stage than that of late summer. 

_ The greatest peak discharge observed 
“on Gilmore Creek has been very close to 
5,000 feet per second, as stated at the 
beginning of this article. This observa- 
tion, however, does not show duration. 
On July 21, 1933,7 a momentary peak of 
2,771 second-feet was recorded from a 
rain of 1.70 inches for the watershed as 
a whole. Small additional amounts prob- 
ably did not enter into the run-off re- 
ported here. The flood, however, sub- 


°Siudies of relations of rainfall and run-off in the United States. 
yey, Water Supply Paper 772, Washington, 1936. 


7Observations over weir made by J. B. Ringwood, 


967 


sided to nearly normal flow in 8 hours, 
so that the average discharge for a day 
was only about 5 per cent of the peak 
discharge, or 139.2 second-feet. Since a 
flood of about this volume is to be ex- 
pected every year, we may safely say 
that a mean high-low ratio for the water- 
shed is in the vicinity of 40:1. 

Based on a survey of the Gilmore 
Creek drainage showing the area of forest, 
pasture, and plowland, an approximation 
of the run-off from the plowland was at- 
tempted, as follows: 

To 2,555 acres of ridge plowland and 
intensively used pasture was given a run- 
off rating of 100. 

To 1,055 acres of valley fields was 
given a rating of 80, because of low 
gradients. 

To 700 acres of timber pasture was 
given a rating of 50. 

To 1,482 acres of timber, unpastured, 
was given a rating of 10. 

The total run-off from the entire area 
in the 24 hours during and following 
the rain was 0.572 inch, or 33.6 per cent 
of the rainfall, and the total volume dis- 
charged was 12,027,000 cubic feet. Pro- 
rating this in the above proportions, it is 
found that the ridge plowland probably 
yielded 3,086 cubic feet of water per 
acre, or 0.85 inch, or just 50 per cent 
direct run-off. Without doubt, in view 
of what has been shown above, the allow- 
ance for other types of land (e. g., 0.425 
inch run-off from woods pasture) is more 
than generous, so that this showing for 
plowland and closely used pasture is con- 
servative. 

The total silt load of this flood, based 
on periodic samplings during the rise and 
fall of the flood—again conservative be- 
cause equipment did not permit reaching 
the coarser material at the bottom of the 


U. S. Geological Sur- 


engineer employed in making a 


topo- 


graphic survey of the watershed for the Forest Service cooperating with Winona County. 
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stream—is roughly 32,200 tons, and if 
this be divided among about 4,000 acres 
of land under cultivation at the time, the 
loss is about 8 tons per acre, a small 
amount by comparison with some yields 
from small plots. The above silt is about 
75 per cent of the estimated average an- 
nual yield for this watershed. A more 
general estimate for small watersheds 
shows about 40 per cent of all silt brought 
down during periods when the streamflow 
is more than 10 times normal. 

The above phenomena for Gilmore 
Creek are directly comparable with Wag- 
on Wheel Gap areas because they are 
still within the realm of watershed size 
which permits full expression of influences 
leading to a crest flow within 2 to 3 
hours. Looking at much larger water- 
sheds, one would naturally expect the 
peaks to be much flattened, and the dis- 
charge of a given day to represent a lesser 
concentration of the flood effects. For 
example, the La Crosse River, with a 
watershed area of 378 square miles, can- 
not possibly discharge the flow from a 
general rain in 24 hours, usually main- 
taining a considerable increase for 3 
days. Nevertheless, its highest days each 
year average in their discharge nearly 20 
times the discharge of the lowest days, 
and about half of the annual maxima 
occur during spring melting. 

As the result of a heavy rain April 2, 
1934, falling for many hours and over a 
wide territory on ground which had been 
only slightly thawed before it started, 
phenomenal peaks were noted on a great 
variety of streams in Wisconsin and Min- 
nesota. It cannot be stated how long the 
very high stages were maintained, but in 
view of the character of the rain they 
could not have been of the sharp charac- 
ter common in the summer. Therefore, 
when it is noted that these extreme dis- 
charges represented from 30 to 140 times 
the mean annual discharges of the same 
streams, one of the highest ratios being 
for a drainage of nearly 200 square miles, 
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it is readily seen that the streams of ther 
Minnesota and Wisconsin loess area are2 
under certain circumstances, capable ob 
performance which are not at all witha 
in the scope of watersheds like those ali 
Wagon Wheel Gap. Although this is the 
same storm which has been shown as 
having caused run-off from the timbere 
area at La Crosse, there is little doub 
that under these extreme circumstances 
forested areas gave very conservative 
yields of water as compared with oper 
fields and frozen pastures. The genera 
surface run-off created a large and genera 
early flood, such as is more common ir 
the East or the Ohio Valley than on tha 
Upper Mississippi. 


CoNCLUSION 


1. There can be no exact comparison 
of run-off or erosion results from forestec 
and agricultural lands, because the latte 
are generally flatter and at the same tim 
are likely to have less porous soils 
Whatever the advantage may be, one way 
or the other, the fact remains that soild 
covered by forest, with its attendant sur 
face conditions undisturbed, are capabld 
of absorbing water to an extent which 
has no apparent limit, except at time 
when a frozen condition of the soil nean 
the surface, or ice upon the surface, pre 
cludes such entry. Even these condition 
which may occur in the Wisconsin region 
in one year out of two or three, are un 
doubtedly a good deal more favorabld 
for the entry of water under forest, b 
as regards the freezing of the soil anc 
the repeated thawing and freezing of th 
snow prior to the late melt, which usually 
causes the largest floods. 

Pasture areas, although their vegetation 
seems to create nearly as receptive a cov 
er for rain, doubtless are more susceptibld 
than the forest to freezing and thawin 
and to early-season run-off, from the mor 
rapid melting of their snow. 

Therefore, it seems apparent that fo 


es 
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ested areas in southwestern Wisconsin, by 
actual absorption of at least a part of the 
large amount of water which is commonly 
released about April 1, and which does 
create the major floods of the local 
Streams (not of the Mississippi or its 
branches, whose origins are much farther 
north) may appreciably reduce the vol- 
ume of such floods. There is no question 
of such effect in the summer, when heavy, 
run-off-producing rains are so generally 
distributed as, collectively, to affect all 
drainages. 

2. Innumerable freshets, occasionally 
representing run-off of 4-5 inches in a 
summer from agricultural areas, cannot 
from any standpoint be disregarded, and 
as evidence of the erosion situation are 
of tremendous significance. However, 
it is well to bear in mind, in considering 
their relation to the ground-water supply 
and the low stages of streamflow, that, 
at least in sub-alpine and somewhat boreal 
‘continental regions such as are here dis- 
cussed, the period of ground-storage re- 
plenishment is distinctly in the winter and 
early spring, and not in the growing 
season. If any further evidence is needed 
as to the very great extent to which this 
is true, consider the showing of lysimeters 
at La Crosse in 1935, already stated to 
have been an abundantly moist year. 
These lysimeters, with an aggregate area 
of .0447 acre, were “terraced” until June, 
‘absorbed almost every drop of the abun- 
dant winter and spring moisture, and 
yielded large volumes of seepage during 


*Keplinger, Peter. 


TC, 


Unpublished report, 1913. 
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the spring. On July 9 they went dry. 
From this time until December 10 they 
yielded not a drop of ground water, de- 
spite a total rainfall of 18.18 inches. 
With the terraces levelled, 6.73 inches 
of this rainfall ran off, yet 11.45 inches 
entered the soil to some depth. This en- — 
tire amount, perhaps more, was directly 
evaporated or used by the light grass 
cover on the surface during the warm 
season. On the Wagon Wheel Gap areas, 
analysis by Keplinger® long before the 
completion of the experiment pointed to 
the fact that the ground-water supply was 
rarely if ever replenished by summer 
rains, when vegetation was keeping the 
top layer of the soil completely sapped. 

It is, therefore, not at all obvious to 
what extent the summer loss through run- 
off from agricultural or severely denuded 
areas is an actual loss to ground-water 
supplies which will have a measurable 
effect upon low-water stages at the end 
of summer or in the deep winter. That 
it may have some slight effect must be 
admitted. It is evident, however, that it 
is primarily a loss to agriculture, to the 
crops or pasture grass which need the 
water. The same loss during the period 
of replenishment, when vegetation is not 
active, may be almost directly a subtrac- 
tion from later streamflow. It has seemed 
to the writer for a long time that only 
by careful study of the phenomena oc- 
curring at the time of replenishment, and 
of the limit of the capacity of the water- 
shed for storage, can this question of the 
effect of forest protection on low-water 
stages ever be properly answered. 


LOG RULES, TAPER TABLES, AND VOLUME TABLES FOR USE 
IN THE SOUTH 


By F. J. LEMIEUX 


Southern Forest Experiment Station 


EFORE the turn of the present cen- 
Bex. with cheap stumpage still 

available in the South, inaccurate 
volume tables gave results sufficiently pre- 
cise for prevailing conditions. As the 
lumber industry developed and stumpage 
enhanced in value, the firm of timber 
estimators with which I was then asso- 
ciated was confronted with the problem 
of making appraisals of a more exact 
character. It has always been my opinion 
that ill-adapted volume tables were the 
prime source of error in the making of 
estimates. Therefore we contacted the 
several public agencies which at that time 
had published many volume tables, but we 
were disappointed in the results of our 
search, and decided to make our own. 
Today, as then, there are many published 
volume tables from which to choose; un- 
fortunately, however, they are for the 
most part based either on a fixed top 
diameter limit or on the total height of a 
tree. 


Sixteen years of timber appraisal work 
has convinced me that tables based on a 
fixed top are virtually worthless. In fact 
there are many trees,—and this is es- 
pecially true of the hardwoods,—that do 
not have the top limits designated as the 
basis for the tables. For example, a cow 
oak with a d. b. h. of 36 inches frequent- 
ly loses its main stem in a series of 
heavy branches long before the 8-inch top 
diameter limit given in many of the 
tables. 

The tables based on total height are 
generally better, and will give results 
that are correct when applied to large 
areas. We did not find them sufficiently 


free from error however, when applied tc 
small tracts, and hence we did not con. 
sider them suitable for our purposes 
It is not unusual, for example, to find twe 
shortleaf pines, each with a d. b. h. of 20 
inches and a total height of 120 feet, ona 
of which has a merchantable length 0: 
60 feet and the other of 75 feet, with od 
course a corresponding difference in vol: 
ume. 

In gathering the data for our volume 
tables and using them over a period of 
16 years in actual appraisal work, 1] 
picked up a few points which I think may 
be helpful to other foresters. I migh 
add that I have never had occasion in alll 
these years to introduce any but the 
slightest modifications to make these ta 
bles adaptable to any part of the South. 


Loc RULEs 


An accurate volume table is dependent 
upon a uniform log rule. For our pur- 
pose I found that the Scribner rule in i 
original form was too’ irregular; therefore 
I sought a new log rule which wou 
retain the approximate values of thes 
Scribner rule without this undesirable fea+ 
ture. The Decimal C rule was of littles 
help, as it was even more irregular thee 
the Scribner rule. 


I learned that a uniform log rules 
must be an arithmetical progression. Thus,} 
if a log is increased, say from 6 inchess 
to 7 inches, the increment, as everyones 
knows, is a strip 1% inch thick and 7 a 
circumference; if this log is again in-. 
creased to 8 inches, then the increment’ 
is a strip 4 inch thick and 7 = plus: 
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m in circumference. In this progression 
m is the constant. If we can get the 
board-foot value for this x, we can build 
a uniform log rule. If we want to keep 
approximately the same values as the 
Scribner rule, then 1.6 board feet per 
inch of increase in diameter will be found 
suitable for the constant in the arithmet- 
ical progression for a 16-foot log. 

Thus, if we assume a value of 16 board 
feet for a 6-inch log and 23.8 board feet 
for a 7-inch log, the gain will be 7.8 
board feet; and an 8-inch log must there- 
fore have 23.8+-7.8+1.6, or 33.2 board 
feet. Likewise a 9-inch log must have 
44.2 board feet. Using these values— 
since they approximate the Scribner val- 
ues—and dropping the fractions, we get 
a precise log rule shown as Table 1. 

The foregoing is the log rule which I 
formulated over 16 years ago. Note how 
closely it is paralleled by the formula 
for the Scribner rule by Donald Bruce 
and Francis Shumacher: V = 0.79D? — 
2D — 4. 


TAPER 


The next problem that faced us in con- 
structing volume tables was that of taper. 
What we wanted was to devise, if pos- 
sible, tables that could be applied through- 
out the South. A compilation of all of 
the measurements which I had made in 
the woods disclosed one pertinent fact, to 
wit: 

Any two conifers having the same mer- 
chantable length, and having the same 


DAE 


d. b. h. and d. i. b. at merchantable top, 
will have the same diameter at any sim- 
ilar points throughout their length; the 
same is true for any two hardwoods. 

Here is another way of expressing the 
same principles: 

The distribution of the taper in a tree 
is fixed by the merchantable length of 
the tree. This percentage of taper by logs 
is slightly different for hardwood species, 
because of the fact that bark thickness is 
slightly different in hardwoods from that 
in conifers, and also crown formation is 
not similar. 

After making this discovery, I made 
additional measurements in order to build 
up a set of tables which would show the 
percentage of taper applicable to each log 
in a tree. If it should occur to the reader 
that the percentage of taper applied to 
the first log seems excessive, he should 
remember that the taper on the first log 
goes from d. b. h. to d. i. b. at the end 
of the first log, hence covers both taper 
and bark thickness, while succeeding logs 
cover taper only. 

By total taper of a tree is meant d. b. h. 
minus d. i. b. at the top of the tree. When- 
ever fractional logs are shown, the top 
log is fractional. 


VoLUME TABLES 


From this point on the task was sim- 
plified, for it was merely a matter of 
working out a set, or rather two sets, of 
volume tables, one for conifers and one 
for hardwoods. 


TABLE 1 


LOG RULE BASED ON ARITHMETICAL PROGRESSION 


Bere 6 @ 8 8 10 VW 12 #13 14. 18 16 17 18. 19 20 ai a 
Volume, bd. ft. 16 24 33 44 57 7 87 104 123 144 166 190 215 242 371 301 333 
Miameter 23 24 25 26 27 28 29 30 31 32 33 34 ee 
Volume, bd. ft. 366 401 438 476 516 557 600 645 691 739 788 839 892 
Miameter 36 37 38 39 40 41 42 43 44 45 of = = 

946 1002 1059 1118 1179 1241 1305 1370 1437 1506 1576 1658 1721 


Volume, bd. ft. 
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2.0 inches on the second log; and 2.4, 
inches on the third log. The 17-inch tree : 
is then 13.4 inches inside bark at the top | 
of the first log; 11.4 inches at the sec- | 
ond; and 9 inches at the top of the third | 
log. Referring to the log rule and inter: | 


Table 4 is an example of a 3-log table 
based on the log rule shown in this 
article. 

Example, a tree 17 inches d. b. h. with 
a d. i. b. of 9 inches at the top of the 
third log has an 8-inch taper. Under the 


8 taper column, opposite 17 inches, we 
get 230 feet volume. This is derived as 
follows: 

Referring to our taper tables, we see 
that the taper on a 3-log conifer is 
divided 45, 25, and 30 per cent for the 
first, second, and third logs respectively. 
Thus 45 per cent of the 8 inches of taper, 
or 3.6 inches, is found on the first log; 


polating for the fractional inches, we gel 
volumes of 111, 75, and 44 board feet for 
the successive logs, or 230 board feet for 
the tree. It must be noted that in some: 
cases the computed results will differ from | 
the foregoing volume table by a few feet, , 
the reason being that the values in the : 
table were derived from curves. 

This table I found very satisfactory 


TABLE 2 


PERCENTAGE OF TOTAL TAPER IN A TREE APPLICABLE TO EACH LOG, FOR 
CONIFERS OF DIFFERENT LENGTHS 


Length Ist log 2nd log 3rd log 4th log 5th log 
Logs Per cent Per cent Per cent Per cent Percent 

1% 70 30 

1% 66 34 

2 63 37 

2% 56 34 10 

2% 50 30 20 

2% 48 25 27 

3 45 25 30 

3% 44 23 24 9 

3% 44 21 22 13 

3% 42 20 21 17 

4 40 19 19 22 

4, 39 18 18 18 6 

4% 39 16 17 17 11 

434 37 16 16 17 15 

5 36 15 15 15 19 

TABLE 3 
PERCENTAGE OF TOTAL TAPER IN A TREE APPLICABLE TO EACH LOG, FOR 
HARDWOOD SPECIES OF DIFFERENT LENGTHS ' 

Length Ist log 2nd log 3rd log 4th log 5th log 
Logs Per cent Per cent Per cen 

“bi Fa a t Per cent Per cent 

1% 74 26 

70 30 

2% 68 24 8 

2% 65 23 12 

2% 63 21 16 

3 59 2 21 

3% 56 18 18 8 

3% 53 18 18 ll 

3% 49 LZ 17 17 

4 50 15 15 20 

4M, 48 14 14 15 9 

4% 46 14 14 14 12 

4% 43 14 14 14 15 

5 41 14 14 14 17 
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TABLE 4 
VOLUME TABLE FOR CONEFERS, LENGTH 3 LOGS, SCRIBNER VALUES 
LENGTH 48 FEET 
‘Taper. 
4 5 6 7 8 9 10 ll 12 13 14 15 16 1s 18 
D.b.h. 
tee 139° 115 
toe 4176 150° 125 
14 219 189 162 136 
be 267 233 202 174 148 
16 282 247 #216 188 += 161 
17 336 297 (262-230 202. 175 
18 DOOD Oo econ 246) 217 188 
19 459 412 370 331 294 262 231 202 
20. D2O ad eena ole OOO) 340) eral, 9278 9246) 217, 
21 547 408 - 452. 407 367 329 295 262 233 
22 622 569 520 471 427 386 348 313 279 250 
23 646 593 540 492 447 406 367 332 297 268 
24 728 671 614 562 514 469 426 387 352 316 386 
25 815 754 693 637 585 537 491 448 408 373 336 
26 842 777 717 662 610 560 514 471 430 392 
27 935 866 802 743 688 635 585 538 495 453 
28 960 892 830 771 714 661 611 564 519 477 
29 1059 987 921 859 799 742 688 638 590: 543 
30 1163 1087 1018 952 888 828 771 717 666 615 
31 1272 1192 1119 1050 983 919 861 801 747 692 
32 1386 1302 1226 1153 1082 1015 951 890 833 774 
33 1505 1417 1337 1261 1187 1116 1048 984 924 861 
34 1629 1537 1453 1374 1297 1222 1150 1083 1020 953 
35 1662 1572 1492 1410 1333 1259 1187 1121 1050 
36 1792 1700 1615 1530 1449 1371 1296 1225 1152 
37 1927 1833 1739 1655 1570 1488 1410 1334 1259 
38 2067 1970 1876 1779 1696 1611 1529 1448 1371 
39 2212 2111 2014 1919 1820 1738 1653 1567 1488 
40 2362 2258 2157 2058 1963 1862 1782 1691 1610 
41 2517 2409 2305 2203 2104 2008 1906 1826 173° 
"42 9677 2565 2458 2353 2250 2159 2055 1954 1871 
TABLE 5 
VOLUME TABLE INTERPOLATED FOR BOTH FRACTIONAL D.B.H. AND FRACTIONAL TAPER 
SF ea ce a, Pe et Volume by 
D.b.h. D.i.b. D.i.k. D.i.b. Actual preceding 
o.b. Ist log 2nd log 3rd log scale volume table 
Shorileaf pine 
14.1 11.6 10.3 8.6 178 179 
14.0 ihe 10.3- 8.7 181 181 
17.3 13.8 12.5 10.6 2K 290 
12.0 10.2 8.8 (etl 130 132 
Seu 13.5 12.3 10.5 265 265 
19.6 17.5 16.1 14.1 493 476 
152 18.2 15.5 13.9 494. 502 
17.5 15.2 14.0 12:2 352 353 
17.3 15.0 14.0 LAR, 348 329 
19.6 15.3 14.1 12.4 367 398 
20.5 17.8 16.0 13.8 ; 494. 479 
aS keer OI 3584—.14% 
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Loblolly pine 

20.9 ities 15.6 13. 473 468 
18.0 14.4 123) 10.6 285 299 
16.3 13.8 12.5 10.2 272 259 
17.2 14.0 11.8 9.9 261 267 
16.4 14.9 13.3 11.0 321 290 
11.3 9.4 8.6 7.2 112 112 
19.6 17.4 16.4 13:1 477 429 
21:3 17.8 16.5 14.3 514 520 
20.6 17.4 Gs 12.5 446 422 
21.8 19.0 17.5 14.6 577 545 
18.6 16.2 14.1 12.0 382 364 

Totals 4120 3975—3.52 


throughout the South. Table 5 shows 
how the volume table checks with 11 
shortleaf and 11 loblolly pines actually 
cut and scaled in south Mississippi. 

I have compiled a complete set (four- 
teen in number) of these tables based on 
the Scribner values for trees from one 
and one-half to five logs in length, by 
half-log lengths, for both conifers and 
hardwoods. Similar tables can be con- 
structed for any log rule. 

Here is how these tables are used in 
actual practice: d.b.h. and merchantable 
length are recorded by diameter classes, 


and an average total taper is recorded fo: 
each of the classes. This estimate o 
taper is based on ocular observation an 
supplemented, of course, by measurement: 
of windfalls and a knowledge of the tape: 
variations of the different species. 

These tables are closely followed byj 
the “form class” tables later compiled by 
James Girard of the U. S. Forest Service: 
The essential difference lies in the fac: 
that in Girard’s tables the user must de 
cide on the “form class,” that is, the re 
lationship of d.b.h. to d.ib. at 16 feet 
whereas in using my tables it is the tota 
taper which is estimated. 
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OR the past thirty years informa- 

F sen about the land resources of 
New Hampshire has been accumu- 
lating. In 1903 the U S. Forest Service, 
acting for the New Hampshire Forestry 
Commission, made an examination of the 
northern part of the state and published 
a report (1) which showed in map form 
the land use at that time, and described 
the forest resources and wood-using in- 
dustries. In 1905 the work was continued 
to cover the rest of the state (5). Since 
then notable contributions to the knowl- 
edge of conditions have come from va- 
rious agencies. They include the Bureau 
of Soils of the U. S. Department of Agri- 
culture (3), the University of New Hamp- 
shire and state Extension Service (2, 8, 9, 
10, 11), the state planning agencies 
(6,7), and the New England Section of 
the Society of American Foresters (4). 
A further source of data is the soil sur- 
vey of Grafton County, now in progress. 
Briefly summarizing these data, it would 
appear that nearly all of New Hampshire 
is embraced in five watersheds. That of 
the Merrimack River includes 41 per cent 
of the total area, that of the Connecticut 
33 per cent, that of the Saco 9 per cent, 
and of the Androscoggin 8 per cent. The 
Merrimack is the only one of the five 
streams that arises wholly within the state 
and is contained within it for the greater 
part of its length. Only the lower por- 
tion is in Massachusetts. The Connec- 
ticut is a New England stream, passing 
through or draining all the New England 
states except Maine and Rhode Island. 
The Androscoggin and the Saco belong 
more to Maine and New Hampshire, since 
the greater part of their course lies in 
the former state and their mouths are 
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important Maine harbors. The Pisca- 
taqua is shared by both Maine and New 
Hampshire and divides them for a short 
distance on the eastern boundary of New 
Hampshire. 

Almost two-thirds of the state is hilly, 
with only about 15 per cent lowland and 
the remaining 25 per cent mountains as 
precipitous as any east of the Mississippi. 
The higher peaks—Mount Washington, 
with an elevation of 6,293 feet above sea 
level, is the highest—naturally occupy 
but little of the total area, because about 
three-fourths of the state is between 1,000 
and 2,000 feet above sea level. 

Compared with other states New Hamp- 
shire ranks above Rhode Island, Dela- 
ware, New Jersey, and Massachusetts in 
total area, but makes up only 14% per 
cent of New England and 3 per cent 
of the continental United States. In oth- 
er words, New Hampshire is a small 
state (9,341 square miles) but with an 
unusual variety of conditions, seashore 
and mountains, fresh water and salt, riv- 
ers, lakes, fertile fields, and dark forests. 

The climate also is varied. From the 
short summer of the mountains, seldom 
free from killing frosts for a_ single 
month of the year, the growing season 
increases to 140 days near sea level. 
There is not, however, sc much range in 
the amount of the annual precipitation, 
35-45 inches, but that which comes in the 
form of snow ranges from 3 to 14 feet, 
or from 13 per cent to 60 per cent of the 
total annual precipitation. 

Variety is also certainly the keynote 
of the soil conditions. No two fields are 
ever exactly alike. This is not due to 
great diversity of the bed rock, because 
large areas have the same basic rocks, but 
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because the whole state has been glaciated 
and the soil consists of boulders, large 
and small, gravel, sand, loam, and clay 
in bewildering variety and apparently 
orderless array. The worst features from 
a tillage point of view are the small 
amount of limestone within the borders of 
the state and the small size of many of 
the fields. This latter obstacle is due 
either to the hilly topography or to the 
presence of so many rocks and boulders 
that the cost of clearing them away over 
large areas is prohibitive. As a conse- 
quence machinery cannot be used to so 
good advantage as in large fields, and 
much hand labor is necessary. Otherwise 
the fertility is easily maintained, and the 
specter of erosion is not always at the 
elbow of the farmer, as it is in warmer 
climates with more open winters. Corn, 
wheat, oats, barley, and rye have all been 
successfully grown in New Hampshire. 
Hay is exceptionally good, with a small 
percentage of alfalfa. All the common 
vegetables, especially potatoes, do well 
away up to the Canadian line. Small 
fruits are common, and orchards are com- 
mercially important in several localities. 
The percentages of the tilled areas occu- 
pied by the principal farm crops are: 
hay, 82; corn, 3; apples, 3; potatoes, 2; 
and miscellaneous, 10. 

The relative importance of the various 
types of tillage land use is shown by the 
following percentages, which give their 
proportionate part of the total income 
from the tilled land: milk, 45; poultry, 
20; hay, 10; potatoes, 10; apples, 5; and 
miscellaneous, 10. 

These percentages apply to the tillage 
land only. For the average farm as a 
whole, the annual income is divided as 
shown by the following percentages: dairy 
products, 41; woodlot products, 21; poul- 
try products, 16; potatoes, 9; hay, 5; 
apples, 4; and miscellaneous, 4. 

But above the advantages of a cool, 
varied climate and an undepleted soil, 
New Hampshire has the more important 
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benefit of favorable location with refer~ 
ence to population, markets, and shippin 
facilities. With a population of onl 
51.5 people per square mile, because of 
the high percentage of woodlands, Ne 

Hampshire is located on the edge of the 
most densely settled part of the Unit 

States. Within 350 miles are one-third 
of the country’s homes and _industries.; 
This means a ready market for everything 
produced, right at New Hampshire’s door. 
In addition four of the best, biggest, and 
busiest harbors of our entire coast line,; 
New York, Providence, Boston, and Port-: 
land, give access to the export trade.: 

Our present land use is: improved land,_ 
17 per cent; roads, railways, towns, ete.,. 
3 per cent; and forest land, 80 per cent.: 

On the improved tillage land and pas- 
ture the dairy industry is the most impor- 
tant, although poultry products, apples, 
and potatoes rank high. The farms tend 
to fall into two strongly contrasted 
groups, the larger and more advantage- 
ously situated producing for the Boston 
and New York markets, and those with 
smaller fields, less well-adapted to ma- 
chine cultivation, used simply for resi-- 
dence and to supplement the income ob-- 
tained from work in factories. Pastures: 
are not mentioned separately because they ; 
are merely adjuncts to the tillage land! 
and can in fact best be included in the: 
regular rotation of the plowed fields.. 
There are no areas of any size which} 
can only be used for pasture, as in the: 
western United States. Such areas in' 
New Hampshire quickly grow up to: 
timber. 

The 3 per cent not tilled or pastured 
or growing trees is all devoted to some 
productive use. There is no desert or 
barren land in New Hampshire, with the 
possible exception of very small areas on 
the tops of the high mountains, and even 
these are mere pin points. 

A clear understanding of these present 
land uses and a sound basis for future 
planning cannot be reached without 
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knowing how and why we have reached 
the present state of development; so a 
brief summary of New Hampshire’s land- 
use history seems necessary in this place. 
When the first settlers arrived, their 
problem was to feed themselves, protect 
themselves from the Indians, French, and 
wild animals, and get something to sell. 
For food they fished, shot game, raised 
crops, and kept cattle, sheep, and pigs; 
but the cleared area increased very slowly 
because fishing and hunting were easier 
and more profitable than farming. Their 
salable products came not from hoeing 
and sowing, but from fishing (great quan- 
tities of salt fish were shipped to England 
and the English colonies in the West 
Indies) and trapping, especially beaver, 
and from the woods—mainly masts, clap- 
boards, and barrel staves. Further, up 
to about 1700 the settlers in New Hamp- 
shire quarreled with the proprietor of the 
colony and could not get satisfactory title 
to their claims. Hence, as the early 
records show, the first holdings were sel- 
dom more than 40 acres in extent. 

After the title question was solved by 
buying out the Mason heirs, settlement 
and land clearing went on much faster. 
The low point in the forest area was 
reached before 1800 in the southeastern 
part; Durham, for example, appears to 
have been 80 to 90 per cent tillage and 
pasture by that date. For the state as a 
whole the census figures give the greatest 
area of “improved land” for 1850, when 
50 per cent of the state had been cleared. 
From that time the forest has come crowd- 
ing back on the back pastures and small, 
tocky fields which could only be kept in 
tillage by hand labor. 

This does not mean decadence. It is 
not even an indication that other sections 
of the United States are now feeding New 
Hampshire, because we are producing 
more food than ever. The decrease in 
the tilled and pasture area is simply 
the result of the change in farming ob- 
jectives and methods. The old practice 
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was to raise as much as possible of the 
family’s food, clothing, and fuel, use hand 
labor for nearly everything, and sell only 
the surplus cattle. Where everyone was 
doing it, this system worked well, got the 
country settled up, and gave the state 
many useful citizens. But the use of 
machinery and the competition of more 
level states, with their machine-sown and 
machine-reaped crops, forced a change in 
methods. The farm was no longer self- 
sufficient, and cattle- and sheep-raising 
moved West, where there was an abun- 
dance of cheap pasture which could be 
used for nothing else. Then, too, the value 
of timber increased, so that the woodlot 
often became the most valuable part of 
the farm. Furthermore, factories increased 
in number and size and offered more 
attractive wages than the farms, where 
payment was largely in kind rather than 
coin. 

So the exploitation period arrived in 
the United States; a time when the high 
rewards went to those who took hold of 
some natural resource, converted it into 
a usable product, and forced sales by 
every device of high-pressure advertising. 
The possible exhaustion of the resource 
was not for the exploiters to worry about. 
The immediate problem was to convert a 
raw product into cash, attract new popu- 
lation, and increase local land values. 
This fever seized all classes. It made 
the hunters exterminate the buffalo and 
the trappers the beaver, the oil man ex- 
haust our petroleum supplies, the lumber- 
men deplete our forests,' the manufac- 


turers exploit their workmen, and our 


farmers give up the idea of the self- 
sustained, home-marketing farm selling 
only its surplus, to enter the race to pro- 
duce milk, eggs, and apples at a lower 
cost than any other section could. 

The system produced results. We owe 
to it much of our modern machinery, 
it has cheapened costs and lowered prices 
in nearly every field, it has brought the 
world closer together. The poultryman 
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of New Hampshire, for example, must 
now reckon on competition not only from 
Massachusetts but also from California 
and even China. And land values have 
gone up. In 1850 the average New 
Hampshire farm, according to the census 
figures, contained 116 acres, valued at 
$16.29 per acre; while in 1930 the cor- 
responding figures were 131 acres and 
$40 per acre. In 1850 tillage land sold 
for about $20 per acre in southeastern 
New Hampshire, pasture for $2 per acre, 
and woodland for $10 per acre; but in 
1920 an examination of about 1,000 acres 
in the same section gave the following 
values per acre: tillage land, $50; pas- 
ture, $5; woodland, $50. Part of this 
rise is, of course, due to a decrease in 
the value of money, but there has still 
been a marked increase in the value of 
land, in spite of the depletion of virgin 
soil values and timber resources. 

Now a new period dawns. The first 
signs appear in the use of those resources 
which are renewable, like fish, game, 
forests, and to some extent the soil. Hence 
we have fish hatcheries to restock our 
streams, game laws to protect our birds 
and deer; we plant trees, we buy up fed- 
eral, state, and town forests, and even 
attempt to keep the private owner from 
wrecking his timberland. Of course such 
a change in methods arouses ridicule and 
opposition. New habits are always hard 
to learn. It is difficult for those who have 
had the exploitation philosophy drilled 
into them to see that the change in con- 
ditions forces a change in methods. The 
burden of proof rests on those advocating 
the new policies. 

Fortunately, the change is coming slow- 
ly. No one sees clearly enough to grasp 
the whole picture, and modifications in 
what appear to be minor details often 
have astounding and far-reaching conse- 
quences. Much needless friction can, how- 
ever, be avoided if all concerned in land- 
use policies will keep constantly in mind 
that the old objectives that actuated our 


pioneer forefathers still hold. Every 
farmer, every lumberman is simply try 
ing to wrest a living from his land an 
accumulate capital for his descendants. 

The pioneers fed and clothed them, 
selves and handed down cleared land, a 
house, cattle, and household gear. The 
exploiters bought things to eat and wear 
by selling milk or eggs or lumber, and 
strove to have a bank account to will 
away. The conservers turn from laying 
up their treasure in the form of stocks 
or bonds, and feel that the worthiest in-. 
heritance they can leave their descendants 
is a farm whose productivity is increas- 
ing, or a lumber mill which has a tim- 
bered area to draw from where the annual 
cut is not nearing exhaustion, but in- 
creasing. 

If these, then, are the major objectives 
in our land-use policy, how should we 
use our tilled areas, our pastures, and! 
our woods in the next fifty years? With 
reference to the first, the answer seems 
simple. Located on the edge of a vast! 
industrial population which comes into) 
the state summer and winter for recrea-- 
tion, New-Hampshire-grown food has an} 
immense advantage in our own New Eng- 
land markets. We should then produce: 
on our commercial farms products like: 
milk, vegetables, eggs, and fruit, which} 
do not stand shipping well. But this does’ 
not solve the problem for the small-field’ 
hill farms, where machinery cannot be 
used so advantageously as on the larger, 
more level areas. They cannot, therefore, 
ordinarily produce in competition with 
the rest of the world in the great mar- 
kets, although there will still be here and 
there some farmers who can by their 
skill makes these hill farms remunerative. 
Many of them will in fact be devoted to 
growing trees, and with stumpage prices 
advancing, as they seem bound to in the 
next 25 years, that can be made a profit- 
able use of the land. 

But there will also be need of many 
of these farms for tillage to produce 
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food not for commercial sale, but for 
home consumption. A family with some 
outside income from factory work can 
live best where they can grow their own 
vegetables, milk their own cows, raise 
their own eggs, tap their maple trees, and 
cut their own fuel. Such labor should 
not be measured by the ordinary commer- 
cial, trade-union standards, because it is 
either off-time adult labor or that of 
youngsters not yet fully grown. This 
can, of course, become drudgery; but no 
better method has yet been devised for 
educating children than letting them share 
in the routine of country life. The most 
expensive schools merely try to imitate it 
or work out substitutes for its steadying 
responsibilities, contact with real things, 
and exercise in the open air. Further- 
more, the recreations are much less ex- 
pensive, more democratic, and usually 
more wholesome than in the city. In 
other words, Henry Ford’s advocacy of 
factories in the country has sound judg- 
ment behind it, and the test of over one 
hundred years of New Hampshire experi- 
ence. 

Pasturing as a land use must assume 
a minor role in the future. Our land 
is too valuable. Large-scale grazing of 
cattle and sheep is practicable only on 
the cheap lands west of the Mississippi 
which are too dry to grow anything but 
grass. There are also vast areas of the 
same kind in Asia, Australia, Africa, and 
South America. Competition with such 
cheap land is plain foolishness. 

Of course, this does not mean that pas- 
turing should not be used as part of the 
rotation of our tilled fields. But pas- 
tures cannot be kept up to full produc- 
tivity without work and fertilization, and 
tillage is usually the cheapest way to do 
this. What is being argued against is the 
old notion that any land that cannot be 
cheaply tilled should be pastured. That 
belongs to the past. It is only appropriate 
to pioneer conditions. Furthermore, it 
fails to take into consideration one of 
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the most important developments in the 
economic history of such a state as New 
Hampshire, the rise of timber stumpage 
prices. 

For a hundred years these values rose 
steadily at the rate of 4 per cent com- 
pound interest, in spite of a decrease 
in quality. There has been a slump, of 
course, in the last few years; but there 
seems every reason to expect that prices 
will strengthen again, because the world 
supply is diminishing and becoming less 
accessible, and wood promises to be in 
the future what it has been in the past, 
one of the essential raw materials of 
civilization. Furthermore, there are two 
uses which are in their infancy, the chem. 
ical conversion of wood into paper, cloth, 
leather, etc., and the utilization of wooded 
areas for recreation. 

Obviously, the price of standing timber 
must come to the cost of growing it 
when the virgin supplies are exhausted. 
This may be roughly stated as: for cord- 
wood, $2 per cord; for boxboards and 
ties, $6 per M; for common lumber, $8 
per M; for clear lumber, softwood, $10 
per M; and for clear lumber, hardwood, 
$15 per M. That these figures are con- 
servative European experience shows. 
France, Germany, Switzerland, and Den- 
mark, for example, have stumpage prices 
of $15 per M for mature softwood and 
$25 for full-grown hardwood. Or figured 
another way, stumpage prices of $10 per 
M for softwood and $15 for hardwood 
are reasonable in New Hampshire because 
they leave ample margin for the costs of 
logging, milling, and transportation. In 
the case of softwoods, an average whole- 
sale price of $30 per M for all grades 
would permit an allowance of $5 per M 
for each of the cost items of logging, 
milling, hauling to market, and market- 
ing, and would still leave $10 for stump- 
age; while for hardwoods, an average 
wholesale value of $40 would permit an 
allowance of $7 for the first three of the 
above cost items and $4 for the fourth, 
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and still leave $15 for stumpage. 

Although the general objectives of land 
management are fairly clear, there is 
still the complicated problem of deciding 
what to do in the next 5 years, who 
should do it, and how they can be induced 
to undertake the job. The following 
tentative suggestions are offered as some- 
thing concrete to work toward. 

In the case of the tillage land there 
are evidently three things that urgently 
need to be done: 

1. Classify the land by its usefulness 
for certain crops and yield per acre. 
This will probably have to be done first 
on the basis of the usual U. S. Depart- 
ment of Agriculture soil types; but the 
information will not be generally useful 
unléss it answers such questions as “How 
“many bushels of potatoes should this 
field yield per acre?” or “What are the 
best crops to grow on this farm, taking 
the soil, the roads, and the markets into 
consideration?” 

2. Determine grades for the various 
crops like those already in effect for 
apples, etc. 

3. Work out methods for the two types 
of farming, the commercial and the home 
subsistence. The main differences, and 
the controlling factors that will deter- 
mine whether a given practice is feasible, 
are that in the case of the commercial 
type of farm an hour’s work should be 
paid for at the prevailing commercial rate 
and wholesale market prices should pre- 
vail, while on the subsistence farm -such 
high wages are not needed because the 
work is part-time employment, partly edu- 
cational as far as the children are con- 
cerned, and partly recreational for the 
adults. Furthermore, retail prices, not 
wholesale, are the measuring rule, be- 
cause what is not raised has to be bought, 
usually in the stores. 

Forestry also has its three major prob- 
lems crying out for attention in the next 
five years. They are: 

The classification of the land into zones 
by productivity. 
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Grading the products. 

Readjustment of the tax burden o 
growing timber. 

A soil-type classification will not do 
for forest land. It puts too much em4 
phasis on chemical and physical compo> 
sition and geologic origin, and is nob 
flexible enough. A tree, in which the 
trunk is the main merchantable product. 
makes different demands on the soil fro 
those of a field or orchard crop, in whic 
the fruit is usually the product sought: 
In New Hampshire a satisfactory basis 
for forest soil classification can probably 
be worked out similar in principle to the 
Finnish soil cover classification. This 
would involve dividing the state first into 
the four main climatic zones, (1) white 
pine, (2) swamp, (3) northern hardwood. 
and (4) spruce. Then each would have 
to be subdivided into sites, using some 
characteristic annual as the index. Finally. 
with this classification as a basis, a ma 
could be prepared showing how much ob 
the state and grow 1,000 board feet, ho 
much 500, and how much 250 per acre 
per annum. Of the many uses to whi 
such data could be put, only a few, like 
its use as a basis for taxing, determina 
tion of yields, and fixing the annual cut: 
need be mentioned. 

In grading, a start has already bee 
made with white pine, spruce, and hard: 
woods. These experiments need to b 
carried farther, until we have for eac. 
of our native lumber species grades whic 
exactly meet the needs of the users o 
lumber. Firewood needs the same treat 
ment, and pulpwood, excelsior, and othe 
wood products may be found to benefiti 
from some form of grading. 

The forest tax problem is a knotty one 
but the main essentials seem to be fairly 
clear: 

a. Taxes should not be confiscatory. . 

b. They should not be subject to vio 
lent fluctuations. 

c. They should fall due when revenue 
is available. 

d. They should not exceed 50 cents per 
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acre per annum for fully stocked stands. 
_ e. Forests should bear their fair share 
of the tax burden. 

f. Some provision will probably have 
to be made to take care of towns which 
have been cut over and therefore have no 
taxable timber maturing for some years. 
Of course, this is only a temporary situa- 
tion, due to the transition from clear cut- 
ting to a sustained yield. 

g. The forest tax problem is simply 
one phase of the general tax problem, and 
cannot be solved alone. 

So complex is this general tax problem 
that progress will have to be made slow- 
ly. But there are hopeful signs, so far 
as forest lands are concerned. There is 
general recognition that the old methods 


will not work and that special exemptions. 


are merely palliatives. Besides, the change 
to selective cutting and sustained yield is 
being forced by economic conditions. 
Probably various methods will be tried. 
An annual land tax based on the produc- 
tivity of the land under sustained yield 
seems simplest, and a land classification 
would give the basis for this. Another 
Method without complications is an an- 
nual tax based on a low land value plus 
a tax on the timber when cut, and prob- 
ably a law for such a tax can be drawn 
up so as to be constitutional. 

When it comes to getting these things 
done, there are two kinds of jobs, re- 
search and extension work, and _ two 
spheres of activity—the state as a whole, 
and the local community. For state- 
wide research the University of New 
Hampshire seems the best agency to be 
responsible for the work, although advice 
and council should be sought from the 
state departments of agriculture and for- 
estry, the State Planning Board, Dart- 
mouth College, etc. To it might well, 
therefore, be entrusted the mapping of 
the tillage and forest land classes, the 
investigation of crop grades, and a sum- 
mary of what has been done in forest 
taxation. These will be merely fact-find- 
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ing jobs for the state as a whole. Some 
one in each local community will still 
have to find out how the recommenda- 
tions should be applied to local condi- 
tions. A local planning board could well 
assume this responsibility. 

But even assuming that definite, sound 
schemes have been worked up to cover 
the needs of each community and the 
state as a whole, the job is only well 
begun. Then comes the still more dif_i- 
cult task of persuading the general public 
to really put the plans into effect. This 
means meeting objections, overcoming 
inertia, and stirring up enough enthu- 
siasm so that habits will be really 
changed. This job the Extension Service 
can do for the farms better than any 
other single agency, because it is accus- 
tomed to working out long-time plans 
with definite annual objectives and _ is 
familiar with the technique of adult edu- 
cation. 

For the larger woodland holdings, out- 
side of the farms, much pioneer educa- 
tional work has been done already by the 
State Department of Forestry and Recrea- 
tion, the White Mountain National Forest, 
the Society for the Protection of New 
Hampshire Forests, the Lumbermen’s As- 
sociation, and the University of New 
Hampshire; but the formulation of a 
really comprehensive plan of action lies 
ahead. Material for discussion should be 
furnished to groups like the Grange, 
women’s clubs, etc., but there will still 
be much to be done by some body or 
some group to keep up interest in each 
community. Locally, is not a planning 
board the best organization for this pur- 
pose? It should be responsible for the 
preliminary investigative work, and should 
have a well thought-out plan for har- 
monious and sustained community devel- 
opment. Finally, of course, after de- 
batable points have been thrashed out and 
there has been general acceptance of the 
measures, some laws should be enacted 
so that the state departments of agricul- 
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ture and forestry may enforce uniform 
practice. 


H 
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THE INFLUENCE OF DEFORESTATION UPON STREAM AND 
VALLEY RESOURCES 


By HENRY M. EAKIN! 


of civilizations is a record of strug- 
gles against the progressive desicca- 
tion of civilized lands.” 

This penetrating interpretative summary 
of factual occurrences in human environ- 
ment, both ancient and modern, implies 
that civilized man himself constitutes a 
geologic agency of first order of impor- 
tance, particularly as a factor of change 
in continental hydrology. This and the 
corollary principle, that the mode of this 
human agency is through destruction of 
natural vegetation, are implied also in 
the serious scientific attention long given 
to questions of forest influences. 


|’ has been well said that “the history 


Previous STUDIES 


Earlier scientific scrutiny of the possi- 
ble interrelations of forests and water 
naturally approached the problem simply 
and directly from the viewpoint of pri- 
mary water supply from the clouds. Later 
progress has taken cognizance of wide- 
spread signs of growing desiccation in 
originally unforested as well as forested 
areas, and has added questions of pos- 
sible variation in conditions and rates 
of percolation, groundwater replenish- 
ment, upland runoff, stream-flow, and ero- 
sion, to the multiplicity of interdepen- 
dent factors necessary to be taken into 
account. 

Progress has also included development 
of new basic concepts and criteria of 
geologic norms of erosion expressing 


equilibria among topographic forms and - 
climatic potentials and vegetative re- 
straints of erosion. Still further, there 
has been a notable advance of methods 
and technique of study, from earlier spec- 
ulation and philosophic reasoning to 
practical methods of measurement and 
controlled experiment. At present, under 
extensive projects of research that are al- 
ready under way or planned for early 
initiation, there seems definite promise of 
rapid addition to the factual background. 


FLuviAL ASPECTS OF PROBLEM 


The general review by Lowdermilk® of 
the present voluminous literature on for- 
est influences discloses that the problems 
studied thus far have applied almost ex- 
clusively to questions of precipitation, 
climate, erosion, and water yield, thus 
stopping short of the later phases of the 
hydrologic cycle as expressed in larger 
streams and rivers and their attendant 
phenomena. While much _ uncertainty 
still exists concerning the more abstruse 
questions of climatic effect, the concrete 
fact of accelerated erosion in consequence 
of deforestation and land-use has been 
advanced to general recognition, and con- 
siderable technical knowledge has been 
accumulated concerning its immense mag- 
nitude and the conditions and modes of 
its occurrences. 

Accelerated erosion, being only the in- 
itial phase of increased translocation of 
solid matter by running water, naturally 


1Head of Sedimentation and Hydraulic Studies, U. S. Soil Conservation Service, until his 


death, October 20, when this article was in type. 


"Towdermilk, W. C. Man-made deserts. Pacific Affairs, 8:4, 1935. 
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entails corresponding acceleration of 
debris transportation and deposition. 


Changed conditions of surficial runoff and 
erosion in headwater regions imposes 
new orders and relations of water and 
sediment supply to trunk streams and 
valleys. The natural readjustments that 
inevitably follow are typically capable 
of serious harm through derangement of 
pre-existing stream and valley processes, 
features, and conditions upon which eco- 
nomic resources of vast aggregate value 
depend. 

The attributes of streams and valleys 
susceptible to readjustment include the 
magnitudes and sequence of water dis- 
charge, the amounts and character of 
sediment carried, the form, size, and 
gradients of stream channels, the quality 
of soils, surface configuration, and drain- 
age of valley bottomlands. These phe- 
nomena are all natural interdependent 
variants subject to notable change with 
time in response to disturbance of head- 
water conditions. Under geologic norms 
of erosion they are established and main- 
tained under laws of adjustment to water 
and sediment supply fully as definite and 
sensitive as those controlling development 
of upland topography under interplay of 
climatic potentials and vegetative re- 
straints of erosion. In the same way that 
upland geologic norms serve as a basis 
for evaluating accelerated erosion, the 
primeval characteristics of alluvial 
streams and valleys may be taken as cor- 
responding geologic norms similarly use- 
ful to the study of abnormalities of 
stream-flow and sedimentation. 


The modifications of stream and valley 
phenomena related to deforestation may 
be summed up as fluvial readjustments to 
new orders and relations of water and 
sediment output from headwater areas af- 


fected by the intervening phenomena of 


denudation and accelerated erosion. The 
time required for advanced stages of ac- 
celerated erosion to develop generally 
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interposes considerable lag in mature 
sedimentary response to deforestation. 
Also the localities of sedimentary re: 
sponse are naturally at some distance 
downstream from upland sites of defor: 
estation and undue sediment production: 
Due to these circumstances, the relation: 
ship between stream and valley readjust: 
ments to headwater deforestation appar: 
ently has tended to escape particulan 
recognition and study. However, the gen: 
eral sequence of deforestation, acceler 
ated erosion, and stream and valley re: 
adjustments to changed water and sedi- 
ment supply has now developed, in many 
sections of the United States, to stagee 
that unmistakably demonstrate its causa 
integration and offer dependable bases 
for significant studies of the factors in. 
volved and the physical principles gov: 
erning their interrelations. 


CHANGES IN WATER OUTPUT 


Although adequate measurements of ac 
tual changes in water output from de: 
forested and eroded upland areas are ye’ 
to be made, certain basic principles o 
percolation, surficial runoff, and flooc 
wave formation from given rainfall tha 
are properly applicable to this case have 
been established in other connections) 
From the viewpoint of erosion and floog 
wave development, principal importance 
attaches to the division of major stornp 
waters between percolation and direct 
surficial runoff. The factors of incidenta: 
rainfall, fog drip, and occult condensa: 
tion as sources of water, and of tree 
interception, transpiration, and evapora: 
tion as processes of water wastage, may 
be safely omitted from consideration as 
being of minor importance individually 
and generally compensating in combinec 
results. 


The total amount of percolation from 
given rainfall appears subject to diminu 
tion in consequence of deforestation anc 
soil exposure. It has been definitely es 


ee 
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tablished by recent studies* that destruc- 
tion of soil cover of forest litter and 
humus results in notable reduction in 
rates of percolation. Likewise the time 
of surface supersaturation during which 
percolation can be effective is shortened 
by abnormally rapid concentration and 
runoff of surface waters wherever gullies 
and minor channels have been developed 
by accelerated erosion. Reduction in both 
rate and time of percolation results in 
reduction of the total volume of percola- 
tion loss, and a corresponding increase 
in direct surficial runoff from given 
storms. 


Increase in volume and rapidity of 
runoff from uplands into the streams of 
headwater valleys gives abnormally high 
and steep-fronted flood waves, increased 
tates of peak discharge, and greater 
Velocities of flood wave propagation 
down-valley. These alterations of flood 
flow give greater erosional and transport- 
ing power in headwater streams and 
greater overbank flow and sedimentary 
activity in trunk valleys. Progressive 
conjunction of flood waves from minor 
valleys tends to pass these abnormalities 
‘on down-valley to larger and larger 
streams of complex major watersheds. 


CHANGES IN SEDIMENT OUTPUT 


Accelerated erosion naturally entails ac- 
celerated production of erosional debris 
and increased transportation of sediment 
by surficial runoff from effected areas. 
A very considerable part of the increased 
sediment load is generally derived by dis- 
association and dispersion of finer grained 
fractions of soils exposed to dynamic ac- 
tion of rainfall and running water. Ad- 
ditions of this class of material are de- 
rived particularly as a product of sheet 
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erosion, or general land surface reduction 
without gross change in surface configura- 
tion. 

Coarser grained fractions of increased 
load are derived by tractive action of 
running water. Its quantity, for given 
runoff and slope conditions, tends to 
vary with velocities of contacting waters, 
which in turn depend upon slope, the 
degree of concentration of flow in chan- 
nels, the form of channels and, perhaps 
to a larger extent than has generally been 
recognized, to content of suspended sedi- 
ment present in running water. 

Coarser grained sediment is generally 
derived for the most part by well con- 
centrated flow at some distance down 
slope from divides, particularly in con- 
nection with the development and growth 
of gullies. The entrenchment of gullies 
involves steeper grades and corresponding 
increased powers of erosion toward their 
headward extremities. This headward 
steeping generally tends with time toward 
progressive accentuation during early 
stages, and quite commonly develops into 
the extreme form of a direct waterfall. 
But to such concentration of erosive 
power, gully heads tend to migrate pro- 
gressively up slope toward divides and to 
develop lateral branches extending into 
tributary drainage depressions along their 
sides. Below their heads gully streams 
generally derive from their sides much 
sediment of lateral planation and widen- 
ing. 

The natural facilities for loading surfi- 
cial waters with sediment thus tend to 
multiply and increase in combined effec- 
tiveness as accelerated erosion progresses 
toward maturity. At any given stage, 
progressive addition to the sediment load 
of runoff waters along their courses down 
slope from divides gives a gradual net 


‘Lowdermilk, W. C. Further studies of factors of surficial runoff and erosion. Proceedings 


Amer. Geophysical Union, 1934. 


Bennett, H. H. Relation of erosion to vegetative changes. 
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increase in their total sediment charge. 
At each point, however, the load already 
carried is a factor affecting further load 
additions. Broadly, it appears that each 
class of material in transit hinders the 
loading of more of the same kind, but 
may assist towards greater loading with 
others. 

Increasing load and decreasing erosion 
power thus converge down slope toward 
a pivotal point marking transition from 
erosional to depositional activity. At this 
pivotal point, load is at its maximum vol- 
ume and represents total output of debris 
from the tributary eroded area at cur- 
rent stage of the erosion cycle, given rain- 
fall, and balance in grain-size of trans- 
ported material. 

Both the location of pivotal points of 
streams and characteristic volumes and 
kinds of material carried to them are 
subject to variation from time to time 
according to intricate interplay of numer- 
our factors, chief of which appears to be 
the progress in stage of erosional and 
sedimentary cycles. Being thus related to 
cyclical phenomena,® the changes in de- 
bris output also tend to follow certain 
cycles. Of these changes in load the 
most important, from the viewpoint of 
stream and valley resources, are increas- 
ing volume and grain-size of debris and 
decreasing humus and fertility content 
that come about through gradual exhaus- 
tion of topsoil sources and increased at- 
tack on subsoil and underlying forma- 
tions accompanying deeper upland ero- 
sion in more advanced stages of the ac- 
celerated cycle. 


READJUSTMENTS OF STREAM AND VALLEY 
PHENOMENA 


Changes in stream and valley phe- 
nomena due to deforestation and acceler- 


*Fenneman, N. M. Cyclic and non-cyclic 
*Bennett, H. H. Cultural changes in soils 
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ated headwater erosion may be summar-~ 
ized, in general, as increased range of 
variation in water discharge involvin 
notable increase in peak flood flow rates, 
increased volumetric rates of sediment 
transportation and deposition, and grad/ 
ual elevation of stream beds, valley-bot- 
tom land surface, and flood flow levels. 
Streams also become less reliable sources: 
of adequate and unpolluted water supply 
The same changes in larger streams ima 
pair navigability, fill reservoirs, and coma 
plicate the necessities and possibilities ob 
flood control. Valley lands are impaire 
in part by overwash deposits of relatively 
infertile sands and materials of compara 
tively low productivity from “raw” ero-) 
sion-exposed subsoil and deeper horizons. 
by more frequent and deeper flooding: 
and by development of surface barriers 
to drainage and consequent swampy con- 
ditions that complete the agricultural ruin 
by rendering the soils wholly untillable. 

These readjustments of streams and val: 
leys to deforestation and resulting acceler. 
ated erosion have already made serious 
inroads on the economic resources 0 
large sections of the more humid anc 
valuable regions of the United States. 
conspicuous example is the widespreac 
development of so-called “meadow” soils 
in the valleys of the great Piedmont Re 
gion® of the Southeast. These “meadow” 
soils represent new overwash deposits on 
top of formerly rich bottomlands. Th 
are largely untillable and given over te 
new wilderness growth of brush and in: 
ferior timber, whereas the original valle 
soils were particularly suited to corn ana 
other feed crops to which the adjacen 
hill lands generally were not so wel 
adapted. This has resulted in a particut 
larly grievous dislocation of balancec 
agriculture. Similar disadvantageous 
aspects of erosion. 


Science, 83:87-94, 1936. 


from the standpoint of erosion. Jour. Am. Soa 
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changes in valley soils are evident in 
other sections of the East, and also in the 
central and western states. 

Even more general significance and 
importance may attach to the apparently 
growing flashiness and peak discharges of 
floods throughout the humid region. More 
rapid runoff from upland areas due to 
newly eroded drainage ways, and shoal- 
ing of trunk valley channels by sand de- 
posits in stream beds, are evident in 
many broadly representative cases. 

These phenomena are generally of cy- 
elical character? and are destined to 
spread and grow in importance progres- 
sively in the future unless suitable con- 
trol measures, in large part reforestation, 
are effected. 

In this connection it is important to 
emphasize the down-valley trends of pro- 
sressive stream and valley readjustments 
to accelerated headwater erosion. It is a 
general law of stream dynamics that trib- 
utaries force-feed trunk channels with 
water and debris which they must re- 
ive, handle, segregate, store, and de- 
liver. Earlier readjustments of tributary 
streams and valleys are toward improved 
sapacities for delivery of abnormal flood 
and sediment discharges to trunk valleys. 
[he readjustments, now broadly in ef- 
ect on headwater streams, are on the 
march and are destined to extend farther 
ind farther downstream with time unless 
talted. The influence of deforestation 
hrough accelerated erosion— and con- 
rersely, the effects of erosion control— 
hus has a direct and critical bearing 
ipon our national problems of flood con- 
rol and navigation on even our largest 
ivers, which is not even approached in 
he earlier limited consideration of pos- 
ible forest influence upon climate alone. 


P 
7Fenneman, N. M., op. cit. pp. 87-94. 
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The laws of physical and morphologic 
natural science involved in the extended 
sequence of processes and effects of de- 
forestation are exceedingly complex, and 
as yet are only partially and imperfectly 
known. While it is certain that the 
primary effect of accelerated erosion can 
be controlled by now well established 
means, much of practical importance re- 
mains to be learned of subsequent phe- 
nomena and possible additional practices 
beneficial to flood and sedimentation con- 
trol. It is with regard to these funda- 
mental problems of soil conservation that 
the present program of sedimentation and 
hydraulic studies of the Soil Conserva- 
tion Service has been laid. 

These studies include laboratory experi- 
mental research into the basic laws cov- 
ering the flow of silt-laden water and wear 
of debris in relation to travel in streams, 
and systematic field investigations of 
quantities of debris carried by natural 
streams, and the sources, quantities and 
effects of sedimentary deposits in stream 
channels, on valley lands, and in reser- 
voirs in representative cases in the vari- 
ous type regions of the country. 

The work under this general program 
is divided into four individual projects, 
each concerned with a specific set of in- 
terrelated problems and assigned to ap- 
propriately specialized technical person- 
nel. The new knowledge thus being 
gained with regard to the nature, extent, 
and causes of damage to valley soils and 
to water supply, irrigation, drainage, flood 
control, and navigation developments re- 
sulting from accumulations of sediment 
is indispensable to enlightened policies, 
proper priorities, and further improve- 
ment of advanced practices of coordinate 
erosion, sediment, and flood control. 


THE DETAILED STRUCTURE OF STEM WOOD OF THE TWO 
SEQUOIAS' 


By JOHN N. MITCHELL 


Blister Rust Control, Bureau of Entomology and Plant Quarantine 


The woods of the two sequoias are very similar, and there is no anatomical feature? 

universally present in one species and absent in the other. ; ‘ime 

each species are, however, easily distinguishable, and the chances of identifying an 
unknown specimen are favorable. 


HE investigation here reported had 

| two objectives: first, to study com- 

paratively the detailed structure of 

the stem wood of virgin growth bigtree 

(Sequoia gigantea) and of redwood (Se- 

quoia sempervirens); second, to deter- 

mine what diagnostic features, if any, sep- 

arate definitely the wood of the two 
species. 


Previous Work on ANATOMY OF Sequoia 


A thorough review of the literature per- 
taining to wood structure and Sequoia 
disclosed that little work had been done 
on the detailed structure of this genus. 
Jeffrey (3), in 1903, made the earliest 
examinations of any consequence. In 
1907 Penhallow (5) published the most 
comprehensive treatment to be found. 
That of Brown and Panshin (2), 1934, 
is the most recent. Most investigators as- 
sumed that the few specimens furnishing 
the basis for their anatomical descriptions 
were typically representative of the woods 
of the species treated; they ignored or 
were unaware of structural variation. The 
inadequate sampling resulted in many false 
conclusions. 

The earliest reference to the anatomy 
of Sequoia is that of Murray (4), 1860. 
He states that Dr. George Lawson, in a 
paper read before the Edinburgh Botan- 


In partial fulfillment of the requirements for the master’s degree in the Division of Fores 
at the University of California, the writer, under the direction of Professor Emanuel Fr 
worked intermittently from 1932 to 1935 on a problem culminating in a thesis entitled “ 
Comparative Histology of the Secondary Xylem of Sequoia gigantea and Sequoia sempervirens 


This paper is an abstract of the thesis. 
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Average specimens of 


ical Society in 1854, on the anatomica 
structure of the gymnosperms, mentione 
the bigtree. Dr. Lawson found it to pr 
sent “a double row of opposite disc: 
[bordered pits] which, as well as thei 
central dot,” were elliptical. In the sam 
paper, Murray quotes a Mr. Bryson, als 
on the subject of “Wellingtonia [Sequoia 
gigantea”: 

“I find the structure resembles Tax 
dium distichum. The radial section e: 
hibits the coniferous discs better than ar 
other wood I have examined. They we 
more oblate than in the true pines, 
seldom occur in double rows. On 2 
average twenty-eight rows of discs occu 
on the walls of each cell. In Sequo: 
sempervirens the discs are round and n: 
oblate.” . 

If Mr. Bryson presumed that his co: 
clusion regarding the shape of the b 
dered pits of redwood was universal 
true, he is perhaps among the first of | 
long line of investigators to assume tl 
the specimens he examined were typical! 
representative of the species observed a 
that anatomical characteristics are co 
stant. 

Realizing that little was known co 
cerning the variability of diagnostic e1 
teria which are employed in the keys us 
in identifying fossil specimens, Bailey 
Faull (1), 1934, chose to investigate r 
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wood, a tree of unusual interest and the 
subject of much paleobotanical discus- 
sion. Prior to this time slight attention 
had been given the variability of struc- 
tural characteristics and the fact that 
these fluctuations are so pronounced as 
fo render unreliable the existing systems 
of distinguishing the Sequoias. 
MeEtTHops EMPLOYED 

That the sampling might be as repre- 
sentative as possible, and to avoid gen- 
sralization from inadequate data, as many 
specimens of each species were treated 
aS it was practicable to handle. They 
were procured from various geographical 
localities, and from various positions in 
he trees, both radially and longitudinal- 
ly in the boles. In all, 95 specimens of 
Sequoia, 39 of redwood and 56 of big- 
ree, were sectioned, mounted, and exam- 
med. A form was prepared so that for 
zach section of each specimen data could 
be secured that would be uniform, and as 
somplete as possible. For comparison 
and analysis there resulted, when the data 
were computed and tabulated, 173 quan- 
itative expressions for each species, as 
well as many notes on qualitative find- 
ngs. From these numerous results, a 
somparative anatomical description of 
he two species was made. Those data 
Or omising any diagnostic significance 
were treated statistically in order to deter- 
nine their reliability as differentia. The 
ta are too voluminous to reproduce 
were; consequently only the results and 
‘onclusions are offered. 
> 
y DIFFERENTIATION OF SPECIES 
There is no structural feature univer- 
ally present in one species of Sequoia 
nd absent in the other. Furthermore, no 
neasure or arrangement of features was 

nd throughout a random sampling, of 
hich there is no overlapping. Conse- 
ently one cannot take any specimen of 
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the wood of Sequoia and with absolute 
certainty assign it to one species or the 
other. Separation with a moderate degree 
of certainty is, however, possible in nearly 
all cases. With additional confirming 
examinations one may check the identity 
and arrive, perhaps, at a positive decision. 

Having sections of a specimen, there 
are two general methods one may follow 
to establish the identity. The first is 
merely a comparison, by inspection, with 
slides of sections which are “typical” of 
each species. If the investigator has pre- 
viously ascertained “standard” slides of 
each species, such ocular comparison can 
result in a good estimate of the identity 
of an unknown specimen of Sequoia. 
Sections which may be termed typical 
will differ in perhaps all of the features 
to be described hereafter. 

A comparison of this kind may readily 
provide an indication of the identity; but 
for greater reliability a quantitative exam- 
ination will be required. The most con- 
clusive basis of separation by means of a 
single diagnostic feature is the number of 
wood rays per square centimeter of tan- 
gential section. The number may be 
determined as follows: 

With a micrometer slide the diameter, 
and therefrom the area, of a low-power 
field of the microscope is calculated. A 
count is then made of the number of 
rays or parts of rays visible in the field. 
Several trials in different parts of the 
field will result in a good average figure. 
Knowing the area of the field, the num- 
ber of rays per square centimeter can be 
calculated. If it is less than 2,600, the 
probability is extremely favorable that 
the specimen is redwood; if over 3,900, 
that it is bigtree. 

This leaves out of account cases in which 
the number of rays is between 2,600 and 
3,900. As a matter of fact, far less than 
half of the doubtful specimens taken at 
random will fall in this class. Supple- 
mentary means should be used to ascer- 
tain the identity of such questionable 
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specimens. Still, the probability is rather 
favorable that a specimen with from 
2,600 to 3,200 rays per square centimeter 
is redwood, and that one with from 3,350 
to 3,900 rays is bigtree. 

Another feature which _ superficially 
promises diagnostic importance is the fre- 
quency of partly biseriate rays. Statis- 
tical analysis discloses too great variation 
through the sampling of each species to 
make this feature decisive. Wood rays 
which are in part biseriate may be pres- 
ent or absent in either species. Never- 
theless, if the doubtful specimen has over 
160 rays partly biseriate per square cen- 
timeter as counted on the tangential sec- 
tion, the probability is very favorable 
that it is redwood; and it is probably 
redwood if the number is between 120 
and 160. But since an occasional speci- 
men of redwood is found with very few 
or even no partly biseriate rays, the 
overlapping of the two species is great; 
and no identification is sound if the num- 
ber is less than 120. However, almost 
one-half of the bigtree sampling at ran- 
dom has only uniseriate rays, and an 
unknown sample without partly biseriate 
rays is much more likely to be bigtree 
than redwood. 

Ray frequency may be measured sim- 
ply, by counting the rays visible in one 
plane and apparent in a linear centimeter 
of the transverse section taken tangen- 
tially, or perpendicular to the rays. This 
is best accomplished by counting all the 
rays across the section, finding the tan- 
gential dimension of the section by the 
difference in readings on a mechanical 
stage with a metric scale and _ vernier. 
Several trials can be averaged and a rep- 
resentative count for a centimeter com- 
puted. In the long run, bigtree has the 
greater number of rays, but as is always 
the case regarding any feature of Sequoia, 
there is overlapping of the distribution 
in a large random sampling. These con- 
clusions are well-founded: If the count 
is over 55, the specimen is almost certain 
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to be bigtree; if less than 19, redwooo 
It is probable that a specimen is bigtre 
if the count falls between 48 and 55 
redwood, if between 19 and 29. Unfo 
tunately many counts fall between 29 a 
48. 

Several other features show conside 
able differences, but always with gre: 
variations. A few of the most outstandir 
may at least be considered as indicators ¢ 
checks on other differentia. An indicatic 
of identity may be obtained from the nur: 
ber of half-bordered pit-pairs in the cros 
ing-field of interior ray cells with trachei 
If most commonly there is but one hak 
bordered pit-pair to a crossing-field, ar 
only occasionally two (not infrequent} 
there may be a crossing-field without an 
pitting), it is very likely that the spec 
men is bigtree. Should one find the m 
common number to be three, the spec 
men is probably redwood. Many time 
two will be the most common numbe 
though at the same time some crossir 
fields will have more or fewer pits. The 
cases are best considered doubtful, eve 
though fewer pits indicates bigtree a 
more pits redwood. 

The trend in redwood is also towa: 
numbers of bordered pits grouped late 
ally in the tracheids. Therefore, i 
finds tracheids with occasional groups 
three or four bordered pits in a ro: 
there is little doubt but that the specim: 
is redwood. No conclusions may 
drawn from bordered pits found singly 
in pairs, as this condition is common 
both species. 

One of the most apparent average 
ferences between the Sequoias is trache 
size. The radial dimension of early-wo: 
tracheids is more pronounced in this dl 
ference. To employ the mean radial ‘ 
mension of early-wood tracheids as 
quantitative differentia, the extent of ea 
wood in a growth ring in cells and 
micra is obtained. Dividing the rad 
dimension of the early wood by the nu 
ber of early-wood cells gives the m 
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radial dimension of the cells in that 
growth ring. Then taking the mean of 
several series of early-wood increments, a 
representative value for the measure 
sought is obtained. A mean value of 
less than 42.0 micra strongly indicates 
bigtree; and a value of over 52.0 micra 
more strongly indicates redwood. 


Redwood wood rays are generally long- 
er than those of bigtree. Though ordi- 
narily one-third longer, variation renders 
this criterion ineffective as a positive 
means of separating all specimens. These 
facts are substantiated: If no ray taller 
than 225 micra is found, the specimen is 
extremely likely to be bigtree; and con- 
versely, if rays are found higher than 700 
micra the specimen is extremely likely to 
be redwood. About one-fifth of the 
doubtful specimens of Sequoia could be 
thus separated. An added one-half could 
be unreliably separated, as follows: If 
the tallest rays observed are between 225 
and 375 micra in height, there is some 
reason to believe the specimen is bigtree; 
should the tallest rays lie between 500 
and 700 micra, there is more chance that 
the specimen is redwood. 

The random specimens chosen as a 
basis for this Sequoia investigation dem- 
onstrated a rather marked mean difference 
in the species as regards the ratio be- 
tween early wood and late wood. ‘This 
ratio in terms of numbers of cells is 
more pronounced than in absolute units 
(micra). About one-third of the samp- 
ling has a rather gradual transition from 
early wood to late wood, necessitating an 
arbitrary decision to define each part of 
the growth ring. Count both early and 
late wood cells of several rings at sev- 
eral places along each ring. Divide the 
mean number of early-wood cells by the 
mean number of late-wood cells. It is 
very certain that a doubtful specimen is 
redwood if the quotient is less than 2.0, 
and bigtree if it exceeds 5.0. By and 
large, over one-half the doubtful speci- 
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mens which may be encountered can be 
separated by this measure. 

Wood ray cells of redwood average 
about one-third larger than those of big- 
tree. Two-thirds of a large sampling of 
Sequoia can be separated on a basis of 
the mean longitudinal dimension of these 
cells. Secure the height of several rays 
of the unknown sample, and divide by 
the number of cells in these rays. The 
result is the mean height of the cells. 
Should the value be less than 19.0 micra, 
the sample is very likely bigtree; and if 
over 23.0 micra, redwood. 

Nine differentiae or indicators of spe- 
cies have been cited. Average specimens 
of the two woods exhibit differences not 
included here. Contrasts yet more marked 
are to be found in numerous features, if 
specimens atypical and much opposed are 
considered. Were not variation of features 
so great within each species, we might 
list further specific distinguishing char- 
acteristics. By these differentiae all ex- 
cept rare specimens of each species which 
are atypical and varying near the mean 
of the Sequoia statistical universe may be 
separated. Even these specimens can be 
uncertainly identified. It must be cau- 
tioned that wood formed for several sea- 
sons’ growth around the pith cannot be 
termed normal stem wood, the elements 
being considerably smaller and of dif- 
ferent proportions. Consequently, in de- 
termining the species by the differentiae 
given in this paper, material close to the 
pith should be avoided. 


GENERAL Discussion 


Comparing the results of the micro- 
scopic examinations, it is evident that 
average bigtree xylem is different from 
that of redwood. The differences can not 
be considered ones of morphologic struc- 
ture; rather they are differences of pro- 
portion. Average differences of propor- 
tion, and quite appreciable ones, exist be- 
tween the two species in very nearly all 
of the features. In the case of most of 
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the features one finds that unusual speci- 
mens of one species may be encountered 
which are much like average specimens 
of the other species. 

The sampling was inadequate in this 
investigation to substantiate any conclu- 
sions regarding the effect either of geo- 
graphic locality or of position in the 
tree upon the nature of the detailed struc- 
ture of the wood. What evidence there is 
indicates no influence of geographic lo- 
cality upon the anatomy of the wood, and 
little relation, if any, between anatomical 
differences and position within the tree. 

One is impressed that the most uni- 
versal quality of each of the Sequoia 
woods is variation. The height of wood 
rays is an example. In a given redwood 
specimen, the lowest wood ray was two 
cells, 60 micra in height; while the high- 
est ray, made up of 36 cells, was 848 
micra high. The mean height of rays 
in the specimen was 13.2 cells, 336 micra. 
The mean height of rays of another speci- 
men from the same tree was 3.8 cells, 117 
micra. The means should be rather re- 
liable, as each was the result of the mea- 
surement of many rays examined in or- 
der along random straight lines across 
the section. This may be expressed as a 
mean variation in samples of the same 
tree of nearly 200 per cent. 

The key based on minute characters in 
a recently published work separates an- 
other species from redwood by the height 
of wood rays. It is stated that the tallest 
rays of redwood are less than 600 micra 
in height. Yet through the redwood 
sampling of this present work four speci- 
mens were found having rays in excess 
of this figure, the highest ray being 1,072 
micra. Evidently the redwood specimens 
handled in the making of the above-men- 
tioned key did not include any with rays 
near to the maximum height which may 
be found. In short, the extremes in vari- 
ation make a separation of species on 
the basis of measured differences uncer- 
tain. 
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SUMMARY AND CONCLUSIONS 


1. A comparison of the detailed struc- 
ture of the wood (secondary xylem ofi 
the stems) of virgin bigtree and redwood 
indicates that the two in this respect are 
very similar. 

2. There is no anatomical feature of 
the wood universally present in one spe 
cies and absent in the other. ~ 

3. Nor is there any combination ob 
features, nor any arrangement of fea: 
tures, nor any range of size of features 
by which all specimens of the two wood: 
may be unquestionably distinguished. 

4, The variation of anatomical for 
and size of features is very great. 

5. It is this extreme variability of an 
tomical characters which makes it impos 
sible to arrive at reliable diagnostic cri’ 
teria suitable for distinguishing all o 
the possible specimens of the extant spe 
cies of Sequoia. 

6. The corresponding anatomical fea 
tures of redwood are all, considering th 
average, larger than those of bigtre 
there being no exceptions (and all xyler 
elements were studied). 

7. The most reliable differentia c 
the two species (it will separate positive] 
but 70 per cent of a chance sampling c 
Sequoia) is the number of wood rays pe 
unit area of tangential longitudinal se 
tion; bigtree, on the average, having 
per cent more than redwood. 

8. Eight other relatively reliable di 
ferentiae may be used as indicators ¢ 
species and checks of identity. 

9. Specimens representing the avera 
of each species of Sequoia differ in t 
arrangement, size, or frequency of certai 
features, and are not difficult to separat 
moreover, samples of each species ma 
be encountered which, because they a 
atypical and more unlike than averag 
specimens, are readily separable. 

10. On the other hand, certain atyf 
cal specimens of each species are mu 
alike, and are difficult or impossible ' 
separate with absolute certainty. 


DETAILED STRUCTURE 


11. Since average specimens of each 


species of the genus are easily distinguish- 2. 
able, and since atypical opposed speci- 
mens are still more easily distinguish- 
able, it follows that the chances of de- 


termining the specific identity of an un- 3 


known specimen of Sequoia are favorable. 
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ASSOCIATION OF SOUTHERN AGRICULTURAL WORKERS TO MEET 


HE next annual meeting of the Association of Southern Agricultural Workers 
will be held at Nashville, Tenn., February 3, 4, 5, 1937. The officers of the 
forestry section of this organization are: R. W. Graeber, Extension Forester, 
North Carolina, chairman; J. S. Holmes, State Forester, North Carolina, vice- 
chairman; G. H. Lentz, U. S. Forest Service, Atlanta, Ga., secretary. 


; A program to show the value and importance of forestry as an integral part 
of agriculture in the South is being arranged. F. A. Silcox, Chief of the U. S. 
Forest Service, has been asked to head this program. 


: An invitation has been given the Appalachian, Gulf States, Ozark, and South- 
eastern Sections of the Society of American Foresters to hold a special joint meet- 


Nashville meeting. 


All foresters of the southern states are looking forward to the 


FIVE-YEAR REMEASUREMENT OF SAMPLE PLOTS 


By A. B. RECKNAGEL 


Cornell University 


T the close of the growing season in 
A 1931, George N. Ostrander, vice- 
president and woodlands manager 
of Finch, Pruyn and Company, Inc., of 
Glens Falls, directed the writer and Harry 
D. Switzer, then a graduate student in 
forestry at Cornell University, to estab- 
lish 20 permanent quarter-acre circular 
sample plots on the perimeter of Block 
56, Township 20, Essex and Hamilton 
Counties, New York. This area was later 
deeded by Finch, Pruyn and Company to 
Cornell University for experimental work 
in cooperation with the Northeastern For- 
est Experiment Station of the U. S. Forest 
Service. The plots coincide with cruise 
plots established during the classification 
survey by Finch, Pruyn and Company 
in 1930. In 1931 all trees five inches 
and up d.b.h. were tagged and _ tallied, 
and a careful record was kept of these 
measurements. In the latter part of July, 
1936, these twenty plots were remeasured 
by the writer and Thomas H. Crawshaw, 
forester of the company, with the inter- 
esting results presented below. 

Fourteen of the 20 plots, or 314 acres, 
fall in the softwoods flat type, and six, 
or 1% acres, in the hardwoods type. 
The plots are typical of areas logged 
thirty years ago for softwoods only 
(spruce, balsam fir, pine, and hemlock) 
to a diameter of about 10 inches at breast 
height. No hardwoods were cut. No fires 
have occurred since the last logging. 
There are evidences of fungus and insect 
attack, but the most serious menace js 
windfall. The larger balsams are par- 
ticularly prone to be windthrown, and 
a “twister” such as that of July 9, 1936, 
brings down many a balsam fir. The 
spruce is less affected. 


The remeasurement of these plots after 
five years gives accurate figures on the 
rate of growth as well as the rate ob 
mortality. The information is summar. 
ized in Table 1. Detailed data are on 
file, together with the original measure 
ments, at the offices of the cooperators in 
Glens Falls, in New Haven, and in Ithaca 

It is interesting to analyze the figure 
in Table 1 in terms of current annua 
increment. This is more readily under 
standable if cubic feet are converted td 
cords at 90 cu. ft. per cord. 

In the softwood flat type, the averag 
yearly growth in cords per acre of spruc 
is 0.048; for balsam, 0.07; together, 0.11€ 
or 1/9 cord per acre. This is 1.34 pe 
cent of the volume present in 1931. Th 
yearly mortality rate since 1931 has bee 
2.28 per cent of the volume of spruc 
and balsam present in 1931. 

In the hardwoods type, the avera 
yearly growth in cords per acre of spruc 
is 0.388; for balsam there is a loss c 
0.024 cords; together a growth of 0.364 
or over 1/3 cord per acre. This is 8. 
per cent of the volume present in 193} 
The yearly mortality rate since 1931 he 
been 3.86 per cent of the volume oc 
spruce and balsam present in 1931. 


CoNncLUSION 


Interesting and valuable as the abow 
compilations undoubtedly are, it wouk 
be a mistake to overstress figures base) 
on the lapse of only five years. As re 
measurements continue at five-year intes 
vals, the results should prove increasing) 
illuminating. 

One thing that appears clearly from tk 


record is the role played by mortalit’ 
or “minus increment”. A single win 
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storm, such as that of July 9, 1936, may 
offset the growth of half a decade. With 
balsam the chief offender, point is given 
to the recommendation that balsam should 
be cut to 6 inches d.b.h. wherever pos- 
sible, and that, so far as feasible, the 
period elapsing between cuts on the same 
area should not be over 25 or 30 years. 
It is evident that if the cutting cycle 
is unduly extended, the mortality rate will 
exceed the growth rate. This is partic- 
ularly true in the softwood flat type. In 
the hardwoods type the balsam component 
is less important, and the spruce seems 
better able to maintain a vigorous growth 
rate once the trees have become dominant 
in the stand. Hence the rotation also 
may be extended in this type. 
_ The existing practice of cutting spruce 
to an approximate 8-inch diameter breast- 
high seems to be correct for the softwood 
flat type, in view of the mortality in trees 
above that size during the past five years 
on the plots measured. 
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FIVE-YEAR INCREMENT OF SPRUCE AND BALSAM 5 INCHES D.B.H. AND UPWARD 


Type and 
i 1931 1936 
species san 


Number trees peracre Volume per acre 
cubic feet 


Gain or loss Mortality 
Number Cubic feet Number Cubic feet 


See 


Softwood flat 


BSTCey -2 35.1 Bit! ehillat/ 
Balsam ree dw 46.6 49.9 442.5 
Hardwoods 
Spruce _. _-_. 28.6 32.4 252.8 


mols@mie oo. 19.5 15.9 214.3 


+2.6* +22.0 1.4 14.3 
+3.3 +32.0 3.7 76.3 


43.8: +175.2 2 SO 
344 —10.9 5.3° 75.9 


1The gains were in small trees that were below 5 inches d.b.h. in 1931. 


2Chiefly of trees 9-11 inches d.b.h. 
8Chiefly of trees above 8 inches d.b.h. 
“The loss was in the smaller diameters. 


a 
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®Exceptionally heavy death rate spread throughout the diameter range. 


AN APPLICATION OF FIRE STATISTICS TO FIRE CONTROL 


By GEORGE K. STEPHENSON? 


U. S. Forest Service 


The application of fire behavior data to the determination of man-power requirements 
was first suggested to the writer several years ago by R. M. Conarro, who had pre- 
pared tables for fire control based on Southern Appalachian conditions. Local tables 
of fire behavior are not usually applicable over wide geographical ranges. The present 
study involves the use of somewhat different methods from those used by Conarro, 
The tables are not expected to be applicable 
except in the Southern Coastal Plain, near the northern extremity of the longleaf 
pine type; but the technique used should be helpful toward the preparation of 
similar tabulations for other localities. 


and includes wind and fuel type factors. 


Mississippi fire records has been 

made in an attempt to develop 
measurable relationships which could be 
of practical use in future fire control. 
As a result of this study a device has 
been developed for the guidance of fire 
dispatchers which computes automatically, 
for any combination of fuel, wind, and 
humidity conditions and for any elapsed 
time and time of day, the number of men 
necessary to bring a typical fire under 
control within one hour after arrival. 
Guided by this information, the dispatcher 
is enabled to send to each fire at its 
start the approximate number of men 
required for its control, and to avoid the 
frequent undermanning which results in 
excessive acreage burned, as well as 
overmanning, which results in excessive 
costs. 

Analysis of fire reports for the pur- 
pose of studying fire behavior has fre- 
quently proved disappointing, due large- 
ly to inaccuracy in recording data and 
to the extremely wide variations of con- 
ditions. So variable are the data re- 
corded on the ordinary fire report that 
groups of as many as two thousand, when 
subjected to statistical analysis, do not 
show significant correlations on many im- 
portant factors. Consequently, very lit- 
tle use has been made of the fund of 


A STUDY based on several hundred 


District forest ranger, Bienville National Forest, Miss. 
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data more or less religiously reported o 
Forest Service fire reports year after year; 
and investigators, particularly in the 
South, have turned largely to experi 
mental fires under test conditions for in- 
formation regarding fire behavior. 

Because such tests must be limited, fow 
practical reasons, to the less severe com: 
binations of burning conditions, and be 
cause they could not well be carried out 
in connection with the administration o 
the Bienville National Forest, the writer 
was forced to depend for fire behavion 
studies on data available from fire re 
ports. As a result of these studies a 
method of handling fire data to eliminat 
inaccuracies and to measure the effect 0: 
various factors has been devised whic: 
may be of interest to other foresters. . 

In general it can be said that the job 
of suppression on any given fire is me 
sured by the perimeter of the fire at th 
time an adequate suppression force ar 
rives. The number of men required t 
suppress the fire in a given time is des 
termined by this perimeter divided by th: 
length of control line that can be bui 
per man. If, under a given set of co 
ditions, we arrive at a close estimate 
the perimeter a fire will have when th 
crew arrives, we can determine how man 
men will be required. 

Careful study of nearly one thousane 
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fire records indicates that the significant 
measurable factors affecting size of fires 
in Mississippi are: 

Time of day. 

Elapsed time from discovery to arrival. 

Humidity. 

Wind rate. 

Fuel type. 

A few other factors are important in 
their effect on fire behavior. “Time since 
last rain” increases inflammability, but 
its effect is evident in more expensive 
mop-up rather than in increased spread. 
“Season of the year” influences fire be- 
havior by increasing the rate of spread 
during the spring months. Its effect has 
been provided for by basing all compu- 
tations on spring fires. For fall and sum- 
mer conditions smaller crews suffice. 

Perhaps the most important factor not 
included in the computations is the effect 
of local details of topography, such as the 
presence or absence of streams, fields, or 
firebreaks in the immediate path of the 
fire. Ordinarily this detailed information 

is not available to the dispatcher. The 
effect of such physical barriers is always 
to decrease the rate of spread; hence 
computations based on free-burning fires 
will insure a sufficiency of man-power. 

Of the measurable factors enumerated 
above, humidity, wind rate, and fuel type 

directly affect burning conditions. Analy- 
sis of 153 spring fires on the Bienville 
National Forest indicates a very close 
correlation between relative humidity and 
both fire occurrence and rate of spread. 
Low humidity means many fires and rapid 
spread. With a light ground cover there 
is practically no lag between humidity 
and burning conditions. Wind rate ranks 
in importance with humidity in its effect 
on rate of spread. With high winds, 
disastrous fires have occurred with rela- 
tive humidity above 50 per cent. Com- 
bined with low humidity, a high wind 
can bring about severe burning condi- 
tions in this area within two or three 
hours after a heavy rain. 

Fuel type has been divided into three 
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classes, corresponding to classifications 
used in preparing fire reports: 

l. “Leaves,” which includes hardwood 
swamp and dense second-growth stands 
without grass. 

2. “Leaves and grass,” including most 
of the cutover loblolly and_ shortleaf 
areas, and areas of second-growth pine 
hardwoods. 

3. “Grass,” consisting of longleaf cut- 
over and old fields grown up to high 
grass. 

Of these classes, the “grass” type is 
extremely fast burning, the “leaves” type 
is relatively slow burning, and the “leaves 
and grass” type is intermediate.’ 

The three factors discussed above com- 
bine to determine the rate of spread of a 
fire. The elapsed time from the origin of 
the fire until arrival of the crew is the 
period through which this rate of spread 
operates. This time, however, involves 
an estimate of the period from origin to 
discovery. To eliminate estimating, use 
has been made throughout the computa- 
tion of the elapsed time from discovery — 
to arrival, which is accurately recorded. 
These factors give us figures from which 
to compute the size of crew required. 

The final factor, time of day, does not 
directly affect rate of spread. Analysis 
shows, however, that it does affect the 
size of fires and the manpower required. 
It is found that fires occurring very 
early in the morning are small; those 
occurring from 8:00 a. m. to noon are 
very large; while the size gradually tap- 
ers off as the afternoon progresses. This 
condition is influenced by the trend of 
other hazard factors, which tend to cul- 
minate in most severe burning conditions 
about 3:00 p. m. 

Very early morning fires are usually 
extinguished before the effect of the 
night’s humidity is entirely lost. Fires 
starting later in the morning are reached 
after humidity has dropped and wind has 
risen. Such fires burn through the hours 
of worst burning conditions. Fires start- 
ing later in the day begin under severe 


LABLE 1 


HAZARD FACTORS, INDICATING THE EFFECT ON RATE OF SPREAD OF FUEL TYPE, WIND RATE, AND HUMIDITY 
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“Grass” 


” 


“Grass and Leaves 


“Leaves” 


Calm Light Gentle Moderate Fresh Strong 


Calm Light Gentle Moderate Fresh Strong| Calm Light Gentle Moderate Fresh Strong 
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5.17 7.67 
3.89 6.94 
3.47 6.17 
3.06 5.47 
2.64 4.68 
2.25 4.05 
1.92 3.43 
1.58 2.83 
1.08 1.93 
0.78 1.40 
0.57 1.00 
0.38 0.67 
0.20 0.34 


2.10 
1.90 
1.68 
1.50 
1.29 
1.11 
0.94 
0.77 
0.53 
0.38 
0.28 
0.18 
0.08 
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1Above factors are arranged in 8 groups, .0625, .125, .25, .50, 1.0, 2.0, 4.0, 8.0, and corresponding tables of man-power requirements computed. 


For convenience, these groups are numbered consecutively, 1-8. 


burning conditions, but within a sh 
time the approach of evening begins 
make itself felt. The net result of ti 
of day as it affects fire control is to va 
the man-power requirements. 


The first step in the analysis of fi 
behavior was the determination of th 
average area of fires upon arrival, fi 
varying arrival times. The first attem: 
to obtain this information was made | 
plotting “estimated area on _ arriva 
against “arrival time.” These data we 
found to show so little correlation as — 
be useless; even averages based on ov: 
500 fires were found to be too variable 
be of value. This lack of correlation 
attributed to inaccuracy of estimates 
area upon arrival, made under str 
while the fire control job was in pro 
ress. This extreme inaccuracy in “a 
rival area” has demonstrated the need f: 
more careful estimates, and steps ha 
been taken to improve the accuracy 
future reports in this regard. 

Since direct application of the r 
corded area when reached proved iti 
practicable, it was necessary to use é 
indirect measurement. From the 193 
spring fires, whose areas had been c 
fully surveyed in the field, and on whi 
rather careful time records had b 
kept, all those with unusually long d: 
covery time or other extreme eccentrici: 
were removed. The remaining “nor 
fires were plotted on a graph (Fig) 
1-A) showing final area on “corral tim 
(discovery until spread of fire stopped 
A fairly good correlation was obtaine 
and it was possible to draw a curve re 
resenting “area on elapsed time” up 
time of corralling. 


Since this curve was based on fir 
that had been stopped, the values ai 
lower than they would be for free-bur 
ing fires. Since the retarding effect 
suppression action is zero at the time t 
fire is discovered, and 100 per cent 
the time it is corralled, the spread of t' 
fire up to the time of corralling has be: 
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reduced approximately 50 per cent. Act- 
ual values, therefore, for any given peri- 
od will be 1.50 times those determined 
by the curve. A check with the records 
of spread of several fires for which 
fairly accurate detailed information was 
available indicated that figures so ob- 
tained were applicable to average con- 
ditions. 

Having arrived at a set of figures rep- 
resenting the rate of spread of fires un- 
der average conditions, it was necessary 
to obtain a measure of the effect on 
spread of the various measurable factors. 
Again the direct method of plotting “ar- 
Tival area” against these factors failed 
to show enough correlation to be useful. 
It was therefore assumed that the various 
factors would affect final acreage in the 
same proportion as they would affect 
rate of spread. This assumption would 
hold true except where fires were in- 
sufficiently manned, or where for other 
reasons suppression actior was not ef- 
fective; such fires were eliminated from 
the computation. 

The effect of humidity was measured 
by plotting the average area of fires, by 
10 per cent humidity groups, upon rela- 
tive humidity (Figure 1-B). From these 
points an average curve was drawn repre- 
senting average acreage of fires at vari- 
‘ous degrees of humidity. The area 
burned by the average fire was then de- 
termined, and the percentage of devia- 
tion above or below this point was used 
as the measure of the effect of this fac- 
tor. The average fire, for this group, 
was found to have occurred at a humidity 
of 33 per cent. At 5 per cent humidity 
the rate of spread was 2.03 times this 
average; at 95 per cent, only .05 times. 


The same method was employed to se- 
cure curves (Figures 1 and 2) showing 
area burned plotted against the other 
factors, and to read from them tables of 
“correction factors” representing their ef- 
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fect on spread. As is usually the case 
with fire statistics, correlation was not al- 
ways the best, but in each case a defi- 
nite trend was evidenced, and it was 
possible to draw a curve representing ap- 
proximately the effect of the factor being 
measured. 

These tables of factors were then com- 
bined, by multiplying each by the other, 
into a set of three tables showing, for 
each fuel type, the effect of any combina- 
tion of wind and humidity conditions 
(Table 1). These tables represented the 
cumulative effect of the three factors, 
wind, humidity, and fuel types. The 
factors varied from a low of .01 for 90 
per cent humidity and calm air in leaves, 
to 7.67 for .05 per cent humidity and a 
strong wind (25-35 miles per- hour) in 
grass. These factors were then grouped 
into classifications, so that each higher 
group was double the one below it, 
0:0625, *0:125, 0.25, 0.50;-1.0, 2.0; 4.0, 
and 8.0. These groups were numbered 
from 1 to 8, and the numbers were sub- 
stituted for the actual values in designat- 
ing the tables used on the final charts. 
These eight factors were then applied to 
the areas determined from Figure 1, to 
produce eight tabulations of area on “ar- 
rival time.” (Table 2). 


In order to determine man-power re- 
quired, these areas must be expressed in 
terms of perimeter of fire line to be 
built, which was done by plotting final 
perimeter on final area (Figure 2-B). The 
curve obtained was remarkably uniform, 
and followed closely the shape of the 
curve of circumference of circles on areas, 
but of course considerably above it. From 
this curve the perimeters corresponding 
to various areas were determined. These 
figures, divided by the amount of fire 
line constructed per man-hour (obtained 
by averaging all fires), indicated the 
number of men required to build the 
necessary line within one hour.” These 


Ii i i for corral 
Tt has been suggested that one hour after arrival is too long a period to allow 
in the South. This point must be decided locally, depending upon availability of man-power, 


efficacy of control methods, : 
adjust the tables to any desired control period. 


2 
7 


q 


intensity of protection, and the like. It is, of course, very easy to 
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Corrected for Ettect 
or Syppress(or Action 


Average Fite 


Hours 


Average Fire 


Average fire 


Wind 


Rate 
Fig. 1—A. Fire area on elapsed time from discovery to corral. Based on 73 fires. 
B. Final area on relative humidity. Based on 66 fires, curved. 


C. Final area on fuel type. Based on 66 fires, curved, 
D. Final area on wind rate. Based on 150 fires. 
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figures were substituted for the average 
figures in the tabulation of area on ar- 
rival time. The final step was to apply 
to these tables the factors obtained from 
the curve of area on time of day, and make 
eight tables, each showing man-power 
required under any combination of ar- 
rival time and time of day. (Table 3). 

_ From these tables has been constructed 
a device which has been called the “man- 
power meter” (Figure 3). It is a card- 
board device containing two movable 
slides, which are read through windows. 


e 


Slide A is adjustable to read any com- 
bination of humidity, wind, and fuel type. 
The factor read from Slide A determines 
which of eight windows will be read on 
Slide B. Slide B is adjustable for haz- 
ard factor, arrival time, and time of 
day. In use, Slide B is moved hourly to 
the current time of day. When a fire 
is discovered, the fuel type is determined 
from the fuel-type map, and wind and 
humidity are determined from current 
(hourly) records. From Slide A is read 
the hazard factor which is the resultant 


TABLE 2° 
NORMAL TABLE OF AREA OF FIRES ON ARRIVAL TIME 
Time from Hazard factor (see Table 1). 

_ discovery 1 2 3 4 6 a 8 
to arrival (0.0625) (0.125) (0.25) (0.50) (1.0) (2.0) (4.0) (8.0) 
Hrs. Min. Area—acres 
0 15 0.2 0.4 0.7 1.5 3 6 12 24 
0 30 0.4 0.7 15 3.0 6 12 24. 48 
0 45 0.6 1.1 2 4.5 9 18 36 72 
1 00 0.8 1.6 Bye 6.5 13 26 52 104 
1 15 1.2 24 4.7 9.5 19 38 76 152 
1 30 1.6 3.1 6.2 12.5 25 50 100 200 
1 45 2.0 4.0 8.0 16.0 32 64 128 256 
2 00 2.4 4.9 9.2 195 39 78 156 ‘312 


=~ 


1Above figures are converted into terms of perimeter of fire line to be constructed and man- 


power required. 


TABLE 3' 


DISPATCHING TABLE, SHOWING MAN-POWER REQUIRED 


Hazard factor 5 


Time from Time of day 
: discovery 7:00 a. 8:00 9:00 10:00 11:00 12:00 1:00 es es ae 
i (a) to to to to to to (0) 0) 
oO 8:00 9:00 10:00 11:00 12:00 n. 1:00 p. 2:00 3:00 4:00 7:00a. 
. Min. Men required 
eS 15 6 10 19 15 10 tf 6 5 4 4 
0 30 8 14 Pai 21 14 10 8 t6 6 6 
0 45 10 ley, 32 26 1 12 10 9 8 il 
Hf) 00 13 21 40 32 21 15 12 11 9 8 
1 115) 16 26 49 39 26 19 15 13 12 10 
1 30 18 30 57 46 30 22 17 15 13 12 
i 45 20 34 65 52 34 24 19 17 15 14 
74 00 23 38 Dr 5 38 27 22 19 alii 15 


——_- ee 


1Similar tables are constructed for the other 7 hazard factors. 
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of these conditions. From travel charts 
the time men will require to reach the 
fire is determined. Then from Slide B 


is read directly the number of men re- 


quired. : 

Although admittedly based on rough : EX 

data, it is believed that this ““man-power dete ge Pied 
meter” marks an advance over the old 
hit-or-miss method of dispatching men, 
based on a man’s unsupported judgment. 
It brings to attention a fact well known 
to most forest administrators, that we 
frequently overman fires in low hazard 
periods and underman them during times 
of severe hazard. It will go far towards 
correcting such errors, and will serve as 
a yardstick against which to measure 
performance. As additional and more 
accurate figures become available, it 
should go far towards eliminating the x rast aussi bors 


guess work from fire-crew dispatching. Fig. 2A. Final area on time of day. Based 
on 158 fires, curved. B. Perimeter on area. . 


Based on 330 fires, curved. 
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Fig. 3.—“Man-power Meter”—To determine n 
; umber of men required, move slide “A” 
ZOE ane Rate; read Hazard Factor opposite current Humidity over neops Teel T: a 
then read number of men on Slide “B,” in window corresponding to Hazard Factor oppoalis 
Arrival Time, with slide adjusted to Time of Day. 
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A METHOD or MEASURING THE CURRENT 
MoRTALITY OF A TIMBER STAND 


Frequently, accurate growth data re- 
sulting from an intensive timber survey 
are rendered much less valuable due to 
the gross assumptions involved in the 
tabulation of mortality. As a result of 
a recent survey of the Mount Mitchell 
working circle of the Pisgah National 
Forest, several methods of determining 
the lapse of time since the death of trees 
or their reduction from active competition 
in the stand due to serious mechanical 
injury, such as windthrow, breakage from 


falling trees, lightning, etc., were brought 


to light. These methods follow. 

The length of time which windthrown 
trees or broken crowns have been down, 
may be determined by the following 
methods: 

1. By examining bushes and saplings 

which have been bent down by the falling 
tree and counting the annual nodes on 
the sprouts and twigs from the point 
where the growth turned upward, or by 
“severing the twig at that point and count- 
ing the annual rings. If the tree is still 
living, its growth should also be exam- 
ined. 

2. By noting bruises on nearby trees 
caused by the falling of the tree in ques- 
tion, cutting into these bruises and the 
adjoining wood, and observing the differ- 
ence in ring count. 

3. In the case of windthrown trees, by 
observing the vegetation growing on the 
upturned soil at their bases. This gives 
a minimum time only. 

4. Where the major portion of the 
crown has been removed suddenly, borings 


into the bole of the snag will reveal a 
marked change in growth rate. Water 
sprouts or butt sprouts will also aid in 
this determination. 

The lapse of time since the death of 
standing trees may be determined by the 
following methods: 

1. By comparing the conditions of the 
bark and twigs with trees of similar 
species under similar conditions where 
the mortality period is known. 

2. By noting the progress of sapro- 
phytic fungi, with particular reference to 
the fruiting body. 

3. If the death has been sudden and 
the tree was dominant or codominant, in- 
creased growth of the ground cover as a 
result of release may be noted. 

Dead or down, rough or rotten culls 
should not be recorded as mortality trees 
if they are not represented in the stand 
tables. 

For more accurate results, mortality 
and growth data should be collected be- 
tween growing seasons if possible. It is 
highly desirable to tally for two periods, 
preferably one and two years, or two 
and four years, to afford a check. It 
should be borne in mind that mortality 
calculations are based on very few actual 
samples as compared with the great num- 
ber used to determine growth. In order 
that the accuracy of these two tallies may 
be comparable, great care should be exer- 
cised in (1) determining the correct lapse 
of time since death, (2) determining 
whether the tree in question stood within 
the limits of the area being sampled, and 
(3) measuring and recording its contents. 

Daviw E. HERVEY, 
Pisgah National Forest. 
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New Hanp Axe DESIGNED 


A new type of hand axe was recently 
designed by an experienced forester and 
woodsman who had unsuccessfully at- 
tempted for years to secure a satisfactory 
light-weight axe for general outdoor work 
and camp use. The designer is George 
L. Snowden, an E.C.W. forester at pres- 
ent attached to the Mont Alto office of 
the Division of Research of the Pennsyl- 
vania Department of Forests and Waters. 

The axe head embodies a wide cutting 
edge with a thin bit to provide maximum 
cutting efficiency with minimum resis- 
tance. These qualities, together with the 
flat striking surface and the handle, 
which is longer than usual on this type 
of tool, make it a useful addition to any 
outdoorman’s equipment. 

It is neither too heavy nor too un- 
wieldy to carry on a belt or in a pack- 
sack throughout the day, yet it is an in- 
strument capable of performing a_ sur- 
prising amount of heavy work. It is par- 
ticularly well adapted for marking trees, 
pruning, blazing, and making survey 
stakes and corner posts. From the stand- 
‘point of weight and “packability” it has 
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Fig. 1—The Snowden hand axe. 


a decided advantage over the usual type 
of belt or camp axe with its short handle 
and heavy, thick head. 

The Snowden hand axe is built to the 
following specifications: 

Weight: 114 pounds, including handle. 

Handle length: 17 inches. 

Cutting edge: 314 inches wide. 

The retail price to foresters is $2.75 
for the axe and leather sheath, deliv- 
ered anywhere in the United States. It 
may be purchased direct from the design- 
er, George L. Snowden, Box 113, Mont 
Alto, Pa. 

Henry E. CLepper, 
U. S. Forest Service. 
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A Textbook for the 
Use of Students in Forest Schools, 
Colleges, and Universities, and 
for Forest Workers. By R. W. 
Doane, E. C. VanDyke, W. J. Cham- 
berlain and H. E. Burke. xii + 463 
pp. 234 figs. McGraw-Hill Book Co., 
New York. (American Forestry Se- 
ries.) Price $4.50. 

This book is of 


interest not to en- 


_tomologists only; it will be of even more 


value to foresters, as it is intended for 
use by forest supervisors, rangers, park 


superintendents, and timbermen, as well 
as being a textbook for forestry students. 
_ The author’s belief that the plan of ap- 
proach is the most straightforward one 


4 


and “the one that will appeal to the larg- 
est group of workers, students, and read- 
ers” is justified. The reviewer’s years of 


experience in teaching forest entomology 
leads him to believe that this approach to 


the subject, although perhaps not ideal 
for the student who expects to specialize 
as a forest entomologist, renders the mate- 
rial much more easily assimilable by the 
student of forestry who does not expect 
to specialize in the subject than would a 
less direct approach. It also makes avail- 
able to the practising forester a ready 
reference book for the more common for- 
est insects. 


There are an introductory chapter, 


three chapters on control, three on beetles, 
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one on moths and butterflies, and three 
on all other orders. Slightly more than 
half of the book is devoted to beetles and 
their control. To some, this may seem 
like giving too much space to a single 
group, but foresters acquainted with west- 
ern forest conditions and the amount of 
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preventable damage by beetles as com- 
pared with that by other insects will per- 
haps not be adversely critical of this 
division of space. If any abridgement 
of the text on beetles is desirable, it 
should be in Chapter VII, in which are 
discussed miscellaneous beetles of families 
other than the bark beetles, and the round- 
headed and flatheaded borers. In this 
chapter the omission of any reference to 
numerous rather obscure forms, such for 
instance as those occurring in well de- 
cayed wood, would not detract from the 
practical value of the work and would 
allow space for a more adequate discus- 
sion of such groups as the white grubs, 
bark weevils, and others which are of very 
great economic importance. 

Perhaps the most serious criticism of 
the book may be directed against the in- 
equality in the value of the various por- 
tions. This is due undoubtedly to the 
diversity of authorship. Most of the 
chapters are written from the standpoint 
of economic forest entomology, based on 
thorough scientific and practical knowl- 
edge. Some parts, however, while valu- 
able scientifically, are not written from 
the economic angle and have little infor- 
mation of value in forest protection. 


Another serious defect has to do with 
the inadequate treatment given to eastern 
forest insects. Although many western 
forms of comparatively little importance 
are treated more or less at length, equally 
important or even much more important 
eastern forms are dismissed with a few 
words or are omitted entirely. Thus the 
white pine weevil (p. 242), which is an 
extremely important pest to young pines 
and spruce, is discussed in a few sen- 
tences. The discussion of the insect is 
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inadequate, and that of its control is out 
of date. The genus Phyllophaga is dis- 
missed with the statement (p. 232) that 
it “has been very destructive at times to 
grasslands and farm crops through the 
work of the larvae, and some defoliation 
lhas been attributed to the adults. The lar- 
vae of P. fusca are sometimes destructive to 
the roots of young conifers throughout the 
East.” No discussion of control is offered. 
Eastern foresters concerned with reforesta- 
tion have learned from bitter experience 
that the white grubs, which are the larvae 
of the numerous species of Phyllophaga 
and allied genera, are often extremely 
serious pests both in forest nursery beds 
and later in young forest plantations. 
The cases here cited are offered merely 
as samples of the inadequate treatment of 
eastern forest insects, and such cases are 
not confined to the Coleoptera but occur 
in other orders as well. 


As a rule the illustrations are excellent. 
The references listed at the end of each 
chapter are generally well selected and 
are of value both to the college student 
and to the forester, in pointing out where 
more complete and detailed information 
may be obtained. 


In spite of numerous minor defects, 
due in part to the imperfect correlation 
of the work of a number of contributors, 
and in part to the fact that none of the 
authors appears to have adequate first- 
hand knowledge of eastern forest insects, 
this book is a valuable contribution to 
forest entomology. In the reviewer’s 
opinion it will be used either as the text- 
book or as the basis of the courses in 
most of the forestry colleges. There can 
be no doubt that it is a book which 
should be on the shelves of all foresters 
concerned with the protection of forests. 
It is hoped that in future editions some 
of the defects in this first edition will be 
corrected. 


M. W. Biackman, 


Bureaw of Entomology and Plant Quar- 
antine, U. S. Dept. Agriculture. 
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Silting of Reservoirs. By Henry M. 
Eakin. U.S. Dept. Agric. Tech. Bull. 
524, 142 pp., 16 pls., 29 figs. and 
maps. Gov.. Printing Office, Wash- 
ington, D. C. 1936. Price 40 cents. 


The release of this bulletin was very 
timely, in that it was available just be- 
fore the Up-Stream Engineering Con- 
ference held in Washington September 22 
and 23. 


The bulletin is in the form of an ini- 
tial progress report on the hydrodynamic 
studies carried on by the Soil Conserva- 
tion Service. It reports on the reservoir 
surveys and investigations of 1934-35, 
with notes of previous investigations of 
silting by other agencies, and states that 
“the ultimate objective of these studies is 
to accumulate information on the factors 
involved in the silting of reservoirs, in- 
cluding rates of silting, and to correlate 
the results with soil, slope and climatic 
conditions and land use in watershed 
areas.” 


The field surveys during the year cov- 
ered were confined to reservoirs in south- 
eastern, south central, and southwestern 
United States, with some additional recon- 
naissance and silt measurements in the 
Pacific Southwest. Data on rates of silt- 
ing, loss of storage, types of deposits, and 
other pertinent facts are given in a series 
of tables accompanied by detailed descrip- 
tions of the conditions of the watersheds. 
Numerous maps and photographs illus- 
trate the text and add much to the value 
of the report. 


In the summary the author states that: 

“In the Southeast, reservoir silting re- 
sults chiefly from erosion of deep residual — 
soils as influenced by human occupation. — 
Lower rates obtain in mountainous and 
other sections wherever the natural forest 
cover is practically intact. . . .. 

“In the southern Great Plains higher 
rates of silting relate to erosion of sedi- 
mentary soils under agricultural and graz- 
ing practices. More restricted grazing 
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and range restoration is needed in many 
places. ... 

“In the Southwest higher rates of silt- 
ing are largely the result of overgrazing 
and its consequence of extraordinary sheet 
and gully erosion... . 

“In the California area higher rates of 
reservoir silting relate, for the most part, 
to watershed fires. Fire prevention, quick 
reseeding of burned-over areas, and treat- 
ment of gullies in earliest incipient stage 
would appear to be generally in order to 
keep rates in nonagricultural areas at a 
minimum.” 

This bulletin should prove of value to 
hydraulic engineers, to foresters engaged 
in land-use studies, and to those interested 
in erosion control and reforestation as 
related to watershed protection. Of par- 
ticular interest to foresters is the direct 
correlation shown to exist between rates 
of silting and the vegetative cover on 
various watersheds. The effectiveness of 
a forest cover, for example, is clearly 
demonstrated in the case of the Green 
River Reservoir near Tuxedo, N. C., the 
Bridgewater Reservoir west of Morgan- 
town, N. C., and several reservoirs on the 
Tugalo River near Tallulah Falls, Ga. 

G. H. Lentz, 
Tennessee Valley Authority. 
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Humus Origin, Chemical Composi- 

; tion, and Importance in Nature. 
By Selman A. Waksman, Ist Ed. xi 
+ 494 pp., 4 pls. 45 figs. Wil- 
liams & Wilkins Co., Baltimore, Md. 
1936. Price $6.50. 


The terminology of the organic matter 
of forest soils has been, and still is, in a 
more or less chaotic condition. Workers 
in various fields, such as forestry, ecol- 
ogy, and soils, are using the same terms 
often with widely different meanings. 
Even within the ranks of foresters there 
js an astonishing lack of unanimity re- 
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garding the usage or the meaning of cer- 
tain terms. “Duff”, for example, is em- 
ployed in some cases to designate the 
total accumulation of organic matter; in 
other cases, only a specific layer of the 
forest-soil profile. And there is a great 
deal of loose talk about “humus” without 
any definite idea as to what it includes 
or what it means. The resulting confusion 
is great, as is also the need for a uniform, 
understandable, and inclusive terminology. 
For these reasons foresters, particularly 
those who dabble in soils, will eagerly 
scan Waksman’s monograph, hopeful that 
this new and authoritative text may clarify 
the confusion that clouds an old theme. 
In this they are not likely to suffer com- 
plete disappointment; for in the 412 
pages of text Waksman succeeds well in 
summarizing the present available infor- 
mation on humus. 

What is usually called humus he de- 
fines as that portion of animal and plant 
residues more or less resistant to microbial 
decomposition, dark brown to black in 
color, and possessing certain characteristic 
physical and chemical properties. In 
brief, he treats the role of humus in the 
organic cycle; the historical development 
of our knowledge of humus, its nature, 
formation, and role in plant nutrition; 
the origin of humus in its several forms 
and types; the decomposition of humus, 
its functions and applications in agricul- 
ture, industry, and soil science. In the 
appendix he presents methods of analysis 
of humus as well as certain of its con- 
stituents. 

Of particular interest to foresters is the 
30-page chapter entitled “Humus in for- 
est and heath soils.” In this chapter the 
author first deplores the existing confu- 
sion which has resulted from the indis- 
criminate use of such terms as “humus 
layer”, “humus cover”, “raw humus”, 
“surface humus” (Auflagehumus), “mor”, 
“dry peat” (Trockentor{), “moor peat” 
(Moortorf), “forest moss peat”, “moder”, 
“surface moder”, and “duff”, all of which 


1008 


have been used to designate the same 
general type of accumulated organic mat- 
ter, or, worse yet, specific soil types in 
one instance and only certain layers in 
another. He then discusses the general 
types of forest humus, stating the belief 
that present needs can be answered by a 
somewhat modified form of Miiller’s early 
conception. All forest soils would thus 
be grouped into two general classes, mull 
and mor or raw humus. These major 
categories can be divided into several 
subtypes, depending on local conditions. 

In any attempt to develop a useful 
system of forest soil classification based 
on humus formation, Waksman states that 
several points of view should be consid- 
ered. These include: (1) The biological 
view point, first expressed by Miiller, in 
which the biological factors, especially 
the higher vegetation, are considered as 
the material contributors to the character 
of the forest soil; (2) the chemical point 
of view, as expressed by Ramann, which 
emphasizes the influence of the chemical 
composition of the inorganic soil layer on 
the forest soil humus; (3) the genetic 
point of view, as expressed by the Rus- 
sian pedologists, which emphasizes the 
all-importance of climate; and (4) the 
microbiological point of view, expressed 
by Falck, Hesselman, and others, which 
develops the theory that rates of decom- 
position result in different humus _for- 
mations. 

In spite of these varying points of 
view, most workers agree as to the nature 
of the mull type and the relation of hu- 
mus to its manner of formation. But as 
regards raw humus no such concordance 
of opinion exists. As an illustration, the 
German investigators divide the raw hu- 
mus profile into litter, surface humus, 
and soil humus. American workers rec- 
ognize three distinct layers, namely, lit- 
ter, duff, and leaf mold. Hesselman 
designates these layers as surface layer 
or litter (Férna), F-layer, and H-layer. 
The author is of the opinion that this sys- 
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tem of separation of the A, horizon of 
the forest soil profile adequately covers 
present needs for characterizing the raw 
humus type in broad terms, but does not’ 
attempt to single out any peculiar advan 
tages of the various classifications. 

Several American foresters have alread 
begun to talk in terms of F-layers a 
H-layers. This appears unfortunate, in- 
asmuch as the S.A.F.’s committee on for- 
est terminology has already proposed a 
classification which with slight modifica 
tions makes a workable, readily under- 
stood scheme. Most foresters would agree 
that “leafmold”, for instance, is a more 
descriptive, expressive term than “H- 
layer”’. 

Regarding the abundance of humus i 
the forest soil profile, it is stated that th 
yearly tree residues left either on the sur-~ 
face of the soil or in the soil itself con- 
tain nearly one per cent of the total car~ 
bon dioxide present in the atmosphere. 
Numerous figures are cited to indicate 
the annual turnover of nutrients in tree 
residues. Some of the data suffer fror 
overgeneralization. For example, Norway, 
and jack pine litter yields in the Lake 
states are reported merely as “pine litter 
in America”. Sufficient differences exis 
in the nutrient content of various pine 
species to warrant greater specificity i 
reporting yields. The chemical composi 
tion of forest litter is treated in consider 
able detail. 

In resumé, the author asserts that the 
significance of humus in a forest soil ca 
be determined not so much by its abun 
dance as by the rapidity of its decom: 
position. He suggests that those tree 
residues which consist largely of needles 
and other products of conifer forests are 
attacked primarily by fungi, reduce slow; 
ly, leave lignins to accumulate, and re¢ 
sult in an organic mat which is low im 
bases and nitrogen, acid in reaction, anc 
susceptible to leaching. Broadleaf plan‘ 
residues are attacked by fungi, bacteria: 
and invertebrates which decompose tha 
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lignins as well as the hemi-cellulose and 
cellulose, and result in a humus type 
high in bases and protein, less acid in 
reaction, and less readily leached. Su- 
perficially considered, it would seem that 
this view overemphasizes the importance 
of the type of decomposition. Haven’t 
we as much basis to assume that the high 
base content of humus resulting from 
broadleaf plant residues is as much due to 
high base content of the parent residue 
as to the type of decomposition? 

On the whole, Waksman has done a 
scholarly job of bringing together the 
existing knowledge on humus, “the prod- 
uct of living matter, and the source of 
it.” Any investigator interested in soils, 
particularly in the organic portion of it, 
would find this reference-rich monograph 
well worth acquiring. The book itself, 
from the standpoint of typography, for- 
‘mat, and binding, is, as the publishers 
assert, sans tache. 

T. E. Mak, 
Intermountain Forest and Range 
Experiment Station. 
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Birenthoren 1934. Der naturge- 
miisse Wirtschaftswald. By Forst- 
meister Krutzsch and Oberforster Dr. 
Weck. J. Neumann, (Neudamm, Ger- 
many), 1935. 162 pp., Illus. 


This publication describes conditions 
on the famous “Dauerwald” revier, Baren- 
thoren, in Anhalt, Germany. The field 
work and publication is under the joint 
auspices of a number of important Ger- 
man forestry organizations. It not only 
describes conditions on this particular 
forest, but draws conclusions which are 
applied to the German forests as a whole. 
Since all of our readers may not have 
heard of Barenthoren nor of the Dauer- 
wald ideals, a word of introduction may 
not be amiss before talking about the 
present publication. 
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Barenthoren is a forest of practically 
pure Scotch pine containing approxi- 
mately 2,000 acres in a region of sandy 
soils which have, however, a fair amount 
of fine material. Approximately 50 
years ago, in 1884, the owner radical- 
ly changed methods of: management and 
has since managed the area according to 
a steadfastly adhered-to plan, along the 
lines of what is known as Dauerwald- 
wirtschaft, or continuous forest. The re- 
viewer treated of this subject about 15 
years ago in the JouRNAL oF ForRESTRY 
(Vol. 20: 651-661, 1922), to which refer- 
ence may be made for a fuller exposition 
of the ideas involved. Essentially, what 
the owner of the Barenthoren forest has 
done is to stop all removal of forest lit- 
ter and to prevent grazing and the cut- 
ting of grass. The branches and unused 
tops of the trees are left on the ground 
after cutting. Cuttings are made at 3- 
year intervals in each stand, and in each 
cutting the trees which at that particular 
moment appear to be the worst are re- 
moved. All clear cuttings have been 
done away with. Regeneration starts in 
the older stands in the openings created 
by the cuttings, and will be gradually 
developed to replace ultimately the older 
timber. So far the cuttings employed 
have the characteristics of a shelterwood 
method applied over fairly large blocks. 

The present report—‘Barenthoren 1934,” 
follows one published in 1924. Its pur- 
pose is to show that the Dauerwald sys- 
tem applied here over the last 50 years 
results in producing more valuable timber 
crops than do other methods of manage- 
ment. The report is divided into two 
parts. The first part presents in detail 
the same types of measurements that were 
taken in 1924, and also a series of addi- 
tional measurements that were taken only 
in 1934, together with conclusions drawn 
from comparing previous conditions with 
those existing in 1934. Conclusions of 
the authors are most favorable to the 
Dauerwald method. 
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The second part develops what is 
termed “a natural method of management 
on the biological basis” along general 
lines, and urges that this method of man- 
agement be put into effect immediately 
over the entire forest area of Germany. 

At this point the reader may ask what 
interest these studies have for us in this 
country. The answer is that the terms 
Dauerwald and Dauerwaldwirtschaft have 
been used to some extent by our foresters, 
particularly by those who have visited 
Europe, and some faulty conceptions are 
in vogue as to the significance of the 
ideas and their applicability to American 
forests. The present publication is worth 
reviewing primarily for the purpose of 
clarifying our ideas on the subject. In 
Europe, attention was called to the meth- 
od around 1920, in a book by Moller 
which developed the idea involved in the 
term Dauerwaldwirtschaft, and used the 
forest of Barenthoren as an illustration. 
This aroused a great deal both of criticism 
and support among the European forest- 
ers, which has continued down to the 
present time. 

In American Dauerwaldwirtschaft, when 
it has been considered, has usually been 
conceived of as a method of management 
which produced an uneven-aged forest. 
This, however, is not correct in a large 
majority of cases. Barenthoren, for ex- 
ample, is an even-aged forest, and will 
in all probability remain even-aged in 
groups at least, after it has been long 
under management. The authors of the 
publication admit that the forest will not 
be a selection forest, but will be one in 
which the species and ages occur in a 
groupwise arrangement. 

When we come to the details of the 
work at Barenthoren, the authors give as 
a peculiarity of the management that it 
guarantees a continuous tending of all 
production factors. In the first place, 
the local forest climate is thoroughly pro- 
tected and stabilized. This is done by 
avoiding clear cutting, abrupt attacks in 
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cutting, and lateral opening of the stands.; 
In the second place, the soil is skillfully 
cared for through retention of the litter, 
branches and tops, and through the pro- 
hibition of pasturage and grass cutting.) 
Finally, the growing stock is very carefullyy 
tended from early youth. This is accom- 
plished by cutting at 3-year intervals and 
removing only the worst trees, which re- 
sults in building up ultimately a heavy 
growing stock of valuable stems. This, 
of course, is more or less the idea carried 
out by Biolley at Couvet. None of the 
points listed can be considered new or 
original with the present management, and 
most of them have long been recognized 
by foresters as very desirable for improy- 
ing forest conditions. However, the re-' 
markable thing is that all these points 
have been carried out systematically ana; 
continuously on this property for a 50.\ 
year period. 

In the second part of the report the 
authors present a strong argument for 
the extension of the Dauerwald type of 
management to all the German forests, 
and argue that all hindrances to its adop- 
tion should be set aside by law if neces- 
sary. Such hindrances are mainly the 
rights for the gathering of litter, pastur- 
age, etc., with which so many European 
forests are encumbered. 

An interesting point is that the authors: 
admit that the average diameter of the 
harvested stems, their average quality, and’ 
the net returns will decrease for the pres- 
ent as this system of management is putt 
into effect, although ultimately showing: 
a great increase. This is because the: 
harvesting costs will be generally higher: 
where the whole forest area is cut over! 
every 3 years and because the intensive: 
management demands more from the per-: 
sonnel and will require a larger and a: 
better personnel. In order to apply the: 
type of management used at Barenthoren’ 
young stands as well as old must be: 
thinned frequently, and the poorer and! 
smaller trees in many cases removed. 


ee 
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This would be practically impossible of 
execution over most of our forest area. 
Another interesting conclusion reached 
by the authors is that in the beginning 
crown thinnings are the most useful in 
stands handled by this method, until all 
the badly formed individuals in the upper 
crown classes have been removed. The 
time finally comes, however, when the 
worst trees at any given point are found 
in the lower crown classes, and then the 
management has resort to low thinnings. 


Although Barenthoren itself is largely 
‘a forest of pure Scotch pine, some hard- 
woods have been introduced and a mixed 
forest is advocated as part of the Dauer- 
wald idea, both for its beneficent effect 
on soil conditions and quality of the for- 
est crop and because it favors the devel- 
opment of wildlife and a reduction in the 
amount of injury which deer and other 
game may do to the forest. 


To obtain a balanced idea of the Dauer- 
wald method other articles should be read 
besides this book. For example, a dis- 
‘cussion contained in Dengler’s Waldbau 
(2nd edition, 1935, pages 533-36), will 
be found most instructive. Dauerwald- 
wirtschaft should be thought of as an 
ideal to be aimed at rather than as itself 
a distinctive type of management. The 
best forestry usually calls for protection 
against fire and grazing and no removal 
of forest litter and brush. Frequent light 
cuttings which give individual trees con- 
tinuous room for growth have always 
been considered good practice. Protection 
of the forest against wind and sun expo- 
sure is accepted as excellent and in many 
places necessary. There are of course 
exceptions under practically everyone of 
these heads. All of these points can, 
however, be applied in more or less de- 
gree under virtually all methods of man- 
agement. One forester might do so under 
a system of selection; another under the 
shelterwood system. It is also true that 
exceptional cases may be found where 
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clear cutting on a considerable scale may 
create just the conditions which are nec- 
essary for the best development of a for- 
est crop. 

This leads to the conclusion that the 
chief lesson to be learned from such books 
as the present one, particularly by Amer- 
ican foresters, who can not as yet gen- 
erally adopt intensive silvicultural prac- 
tices, is that careful attention to protec- 
tion of the soil and the growing trees 
and the provision of adequate space for 
the continuous growth of the best indi- 
viduals through removal of the poorest, 
at as frequent intervals as possible, will 
lead to the production of as good crops 
as are warranted by the economic condi- 
tions in a particular place and time. 

R. C. Haw ey, 
Yale School of Forestry. 
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Forests in Flood Control. Supple- 
mental Report to the Committee on 
Flood Control, House of Representa- 
tives, 74th Congress, 2nd _ session. 
Compiled by E. N. Munns and I H. 
Sims. 70 pp., Gov. Printing Office, 
Washington, D. C. 1936. 


This report, designed to supplement in- 
formation presented to the Committee by 
representatives of the U. S. Forest Service 
in the course of hearings on the impor- 
tant flood control bill, H. R. 12517, is 
an interesting and valuable compilation 
of the evidence obtained to date as to the 
relation between forest cover and water- 
behavior. 

Research by the various regional forest 
experiment stations of the Forest Service 
into the effects of forest cover upon run- 
off and erosion has yielded a very con- 
siderable amount of conclusive data. This 
type of investigation has been given a 
great impetus during recent years under 


1012 


the stimulus of increased public interest 
and support. One of the best features 
of this report is the citation of the definite 
results of careful and comprehensive ex- 
perimental observations. Concrete fig- 
ures are given instead of generalities. 

How surface run-off is reduced by a 
forest cover is fully explained by showing 
the effects of the litter and organic matter 
upon water absorption and retention by 
the soil, and of the absorption of water 
by the litter itself. Other effects of the 
forest, such as the amount of participation 
intercepted by the crowns of the trees, 
the amount of water consumed by trees, 
the retarding of snow-melt, and reduction 
in evaporation from the soil, are discussed 
fully. 

The extent of the effects of forest cover 
upon erosion is also shown by many 
actual measurements of the differences 
between soils bearing various types of 
vegetative cover and those barren of any 
cover. 

The portion of the report which deals 
with the consequences of disturbing the 
forest cover, the relation of ownership to 
watershed conditions, and a program for 
adequate watershed protection is largely 
a condensation of the discussion of the 
same subjects in the Copeland Report. 
However, in urging the maintenance of 
adequate research activities, definite lines 
of study bearing upon these problems are 
proposed for each of the regional forest 
experiment stations. 

Three appendices accompany the report. 
One of these gives the details of proce- 
dure, cover and soil conditions on the 
various plots, and the results of a study 
in northern Mississippi. The second deals 
with the effect of cover on floods in a 
number of localities in Utah, and the 
third describes the maps presented to the 
Committee at the hearings held on May 
21, 1936. 


L. J. Youne, 
University of Michigan. 


JOURNAL OF FORESTRY 


Forest Bibliography to 31st Decem-> 
ber, 1933: Part I. Compiled and! 
published by the Department of For-: 
estry, University of Oxford. xviii -- 
78 pp., Hall the Printer, Ltd., Ox-. 
ford, 1936. 


This bibliography of forestry literature : 
(exclusive of books and unpublished and 
confidential material) in the library of ' 
the Imperial Forestry Institute covers for 
the most part publications in English, 
French, or German, or publications which . 
contain summaries in one of these lan-. 
guages. 

A broad subject arrangement is used; 
material is entered chronologically under 
the proper subject headings. This gives | 
an accurate year-by-year view of forestry 
literature as it appeared, but the lack of 
an author index hampers its use as a ref- 
erence tool. 

The collation of this bibliographical 
system with the decimal system adopted 
in 1933 by the International Union of 
Forest Research Organizations is of inter- 
est. A glance at the list of titles included 
impresses one with the great number and 
variety of publication mediums which 
deal with forestry and its allied subjects. 

MivpreD B. WILLIAMs, 
U. S. Forest Service. 
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Insect Enemies of Shade Trees. By 
Glenn W. Herrick ix + 417 pp. 
321 figs. Comstock Publishing Co., 
Ithaca, New York. 1935. Price $5. 


This is a 400-page book composed prin- 
cipally of short accounts of specific shade- 
tree insect pests. The individual insects 
are described, with an account of their 
life history and the injury done by them, 
and control measures are recommended. 

The first chapter deals with the value 
of shade trees, including several systems 
of individual tree evaluation and two 
tables for the comparison of tree species. 
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‘The second chapter deals briefly with im- 
portant insecticidal materials and spray- 
ing apparatus. The third chapter dis- 
cusses, in short paragraphs, branch re- 
moval, wound treatments, bracing, grad- 
ing and filling about trees, gas injury to 
trees, and fertilizing. The remaining 27 
chapters treat of the insect enemies of the 
various genera or groups of trees. The 
chapters take up the trees in alphabetical 
order (by their English names); and 
within each chapter the insects are han- 
dled by orders, as beetles (order Coleop- 
tera), moths (order Lepidoptera), saw- 
flies (order Hymenoptera), scales and 
aphids (order Homoptera), etc. Through 
this mode of treatment and the indexes 
both to trees and to shrubs, the book is 
most usable. 

Page cross-references in the text (in 
bold-face type) and page references in 
the indexes will aid the user materially 
in finding the complete data that the book 
affords. The references to selecied litera- 
ture will be helpful to those interested 
in further information on a_ particular 
insect. 

The book is excellently illustrated with 


pictures of insects, sometimes in their 
various stages, of the damage done by 
them, and of the host trees. 

This book has been prepared for those’ 
interested primarily in insects affecting 
shade trees and hardy shrubs, but it will 
also serve a most useful purpose as a 
reference book for foresters. Many of 
the insects dealt with attack both forest 
and shade trees, and the biological or 
life-history data, the information on dis- 
tribution, the pictures and descriptions 
of the insects and their injury, and the 
notes on control will all be of consider- 
able value. 

Probably the principal short-coming 
of the book is the lack of some key or 
table by which a type of injury or an 
injurious insect can be run to its proper 
position in the text, so that the informa- 
tion required and given can be readily 
found. 

Dr. Herrick is to be congratulated on 
the production of an excellent book. 

WituiaM MIDDLETON, 
Forest Insect Investigations, Bureaw of 
Entomology and Plant Quarantine, U. S. 
Dept. of Agriculture. 


The following correspondence has been 
submitted for publication in the JOURNAL: 


CrossETT EXPERIMENTAL FOREST 


Crossett, Ark. 
Prof. D. M. Matthews, 
School of Forestry and Conservation, 
University of Michigan. 
Dear Pror. MATTHEWS: 

The August number of the JoURNAL OF 
Forestry which arrived today is partic- 
ularly interesting due to the fact that it 
contains your review of Kirkland’s and 
Bradstrom’s recent publication entitled 
“Selective Timber Management in the 
Douglas Fir Region.” And your review 
of this publication is of particular inter- 
est due to the several references you make 
to timber growing and selective timber 
management in the South. 

Of course I am not acquainted with the 
management or timber growing possibil- 
ities of Douglas fir or other western 
species. I am, however, obtaining some 
interesting and what may prove useful 
information on the growth and manage- 
ment of the shortleaf-loblolly pine-hard- 
wood type in my management work here 
at Crossett that may be of interest to you. 

At the bottom of page 826 and the top 
of 827 you say in part: “But the fact 
remains that the original growing stock of 
the southern forests has been largely re- 
moved, and that we cannot again expect 
to see large quantities of high-quality 
timber produced there.” It is true that 
most of the original growing stock has 
been removed; however, we have been 
pleasantly surprised to find that this does 
not mean that the production of high- 
quality sawtimber is at an end. In fact 
in several cases we have beer surprised to 
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find that, as far as the pine is concerned,| 
the second growth is producing sawtimbery 
of almost quality with  the¢ 
For example, one of the largeq 


identical 
virgin. 
lumber companies in this region cut vir-’ 
gin timber exclusively for a number of 
years. The production of B&B during 
this period averaged around 24 per cent,: 
with the percentage of No. 1 averaging 
around 26 per cent. Quite recently they 
finished cutting the virgin timber, and of! 
necessity had to start cutting second-- 
growth timber that had grown since the: 
virgin had been cut. They were very; 
much upset over the prospect, and ex-- 
pected the production of high-quality ma-: 
terial to fall off greatly. But strange: 
to say, the production of B&B held up to: 
over 20 per cent and the production of! 
No. 1 averaged close to 30 per cent. 
Another case in point can be cited from 
my selective logging study in average 
second-growth stands of shortleaf-loblolly- 
hardwood. The stands used in this study 
were typical of a large area of this type 
found in the shortleaf-loblolly region. 
Prior to the cutting these stands were 
marked selectively on a sliding scale 17- 
inch diameter limit. This meant that 
trees over 17 inches, with the exception 
of a few high-quality fast-growing indi- 
viduals, were marked for cutting; and 
also all trees 13 inches d.b.h. and up that 
were crooked, defective, or of poor quality 
were marked to be removed with the 
larger trees. Of the original stand of 
approximately 5,000 board feet per acre, 
slightly less than one-half of the total 
volume 13 inches and upward d.b.h., in- 
cluding all the poor trees in the stand, 
was removed in the cut, leaving one-half 
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_ the volume in the better trees for growing 
stock. You will be interested in the fact 
that the yield of B&B lumber from the 
timber removed from _ these _ stands 
-amounted to an even 20 per cent and the 
yield of No. 1 to almost 30 per cent. Not 
bad for poor, unmanaged second growth, 
is it? This is not an exceptional case 
_ either, and as soon as timber owners find 
out that there is money in timber man- 
agement the percentage of high-quality 
sawtimber produced in many regions in 
the South will be as high as or higher 
than was the production from virgin tim- 
ber. 

From the above you can realize that 
the system of selective logging proposed 
for the South is not a system of high- 
grading, but rather the reverse. Neither 
are we creating a new type of forest, com- 
posed largely of inferior species—thanks 
to the great reproductive capacity of the 
shortleaf and loblolly pine. 

In connection with the selective logging 
study, you will be interested in knowing 
that by the use of trucks this second- 
growth timber is being logged as cheap 
_as or cheaper than was the virgin timber 
under railroad logging. As you know, 
the use of trucks makes possible very 
light cuts; often it is possible to remove 
as few as three or four trees to the forty 
_ acres. 

_ The statement made in your review to 
the effect that selective logging will in- 
crease the hazards from fire, insects, and 
disease is unfortunately true, although 
not to any alarming extent. From what 
we have learned during three years of 
selective logging here at Crossett, fires 
often may be quite destructive to the 
residual stand, in comparison to the dam- 
age from fires in unlogged areas. How- 
ever, fires in areas that have been cut 
clean down to an 8- to 9-inch diameter 
limit are often much more serious than 
in selectively logged areas, due to the 
fact that all trees are killed and the natu- 
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ral reproduction of these areas is ex- 
tremely slow. However, as far as the 
shortleaf-loblolly-hardwood type is con- 
cerned, the destructiveness of fire can be 
quite easily eliminated through adequate 
fire protection. 

Insect damage is somewhat greater in 
selectively logged stands, due to the in- 
jury of trees in logging; however, this 
too can be quite easily eliminated through 
careful logging and by removing injured 
trees at the time of logging. As far as 
disease is concerned, selective logging 
reduces this to the vanishing point through 
the removal of all diseased trees at the 
time of logging. 

Originally it was thought that wind 
damage would be a serious drawback 
to selective logging. This, I am pleased 
to report, has not been the case. It 
really appears at present as though selec- 
tive logging reduces wind damage, due 
to the fact that practically all trees that 
are not wind-firm are removed at the time 
of the selective cutting. 

R. R. Reynowps. 


University of Michigan, 
Ann Arbor, 


School of Forestry and Conservation. 


Mr. R. R. Reynolds, 

Manager, Crossett Experimental Forest, 
Crossett, Arkansas. 

My pEAR REYNOLDS: 

I was very pleased to receive your 
letter of August 21 referring to the state- 
ment I made in my review of Kirkland’s 
and Bradstrom’s recent publication to the 
effect that the Pacific Northwest owes its 
predominant position in the forest indus- 
try to its supply of large high-quality 
timber, whereas in the South the original 
erowing stock has already been largely 
removed, and that therefore we could not 
expect again to see large quantities of 
high-quality timber produced there. In 
making this statement I was thinking 
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primarily of the size characteristics of 
West Coast timber rather than of technical 
quality or the grade classifications into 
which timber produced in the South might 
now fall. However, it is probably true 
that extra large sizes are not now so much 
in demand in timber markets as they were 
years ago, when wood was more in de- 
mand for heavy construction than it is 
today, and if the quality of the timber 
produced in the South is to continue at a 
high level perhaps the advantage that I 
thought the Northwest possesses in being 
able to produce large-size timber is not 
as important as it might be. 

Frankly, I did not realize that the sec- 
ond-growth stands in the South were pro- 
ducing quality to the extent that your 
data indicate, and I think it is probably 
true that the majority of foresters who 
have not your intimate acquaintance with 
the grade out-turn of timber now being 
produced from second-growth stands would 
be greatly surprised and pleased to learn 
that quality is standing up as well as it is. 
If I read your letter correctly, it would 
appear that management of second-growth 
stands in the South is likely to produce 
at least as high a quality product as was 
cut from the old-growth stands, and more- 
over, that through management we may 

_be able to produce exactly the quality 
which various industries may require. I 
would suggest that the information that 
you have been kind enough to pass to 
me in your letter of August 21 be pub- 


lished. 
D. M. MatTrHews. 


BBR 


Editor, JouRNAL: 
I was glad to see R. C. Bryant’s note 
in the August issue of the JouRNAL on 
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Wood Gas as a Motor Fuel. The use of 
producer gas from soft coal is about 40 
years old in the steel industry and, for 
many uses, has proved to be a very effi- 
cient way to get the full heat value from 
coal. Producer gas from wood, as to 
actual use, is rather more recent, but it 
may prove to be just as efficient a fuel 
use of wood on a large scale as has been 
the case with coal. 

To find out whether or not wood gas 
would be entirely practicable, or just 
how it compares with gasoline for auto- 
motive equipment, we need large-scale 
trials in actual vehicles in regular serv- 
ice. Professor Bryant’s suggestion that 
the government equip a few of its thou- 
sands of motor trucks with wood-gas 
equipment is one to which I am happy 
to add my little vote of endorsement. The 
government, before many years, may find 
itself in the position of having a lot of 
timber and no market for it if it does 
not carry on large-scale promotion cam- 
paigns itself. Bryant’s suggestion offers 
a splendid chance to find out how wood 
gas would work out in this country, and 
it would do much to make the public 
more wood and, therefore, more forest. 
conscious. 

A few years ago the United States army 
equipped an old truck at the San Fran- | 
cisco Presidio. It gave good service and 
excited a lot of interest. A private lum- 
ber yard also equipped an old gas yard 
locomotive. The depression, however, put 
a wet blanket on further private trials. 
Now that trucks are becoming so common 
in the logging industry, we should have 
large-scale trials in both public and pri- 
vate fields. 

Will the government take the lead? 

EMANUEL FRITz, 
University of California. 
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An Introduction To Statistical Methods Applicable To Forest Mensuration 
By Herman H. Chapman and Dwight B. Demeritt. 31 pages. 
This pamphlet is a reprint of Chapter XI from the new edition of Forest Mensuration 
by the above authors. The treatment of the subject is such as to recommend it to 


those who seek an intelligible explanation of certain fundamental conceptions of 
statistics as applied to forestry. 


Price 50c postpaid in U. S. 
J. B. LYON & CO., ALBANY, NEW YORK 


UNIVERSITY OF MAINE 


ORONO, MAINE 


The Forestry Department offers a four year undergraduate curriculum, leading to 
the degree of Bachelor of Science in Forestry. 

Opportunities for full technical training and for specializing in forestry problems 
of the Northeast. Eight-weeks’ camp course required of all Seniors in Forestry, in 
practical logging operations, on Indian Township, Washington County, Maine, under 
faculty supervision. : 

For catalog and further information address 
FORESTRY DEPARTMENT 


FOREST INSECTS | 


y R. W. Doane, Professor of Biology, Stanford University; E. C. VAN Dyke, Professor of Entomology, 
University of California; W. J. CHAMBERLIN, Professor of Forest Entomology, Oregon State College; 
and H. E. Burke, formerly Senior Entomologist, U. S. Department of Agriculture. 


468 pages, 6 u@ 9, : 3 : 
illustrated. HIs text makes available for the first time a comprehensive 
$4.50 


presentation of the important part that insects play in the for- 
est, with descriptions of the various orders of insects that are 
injurious to forests and forest products, and discussions of the 


principal methods of control recommended for each order. 


One of the outstanding features of the book is the special atten- 
tion given to bark beetles. Another feature is the wealth of 
excellent photographs and drawings, most of which are now pub- 


lished for the first time. Order from 


SOCIETY OF AMERICAN FORESTERS 
SERIES Mills Bldg., 17th and Penna. Ave., N. W., Washington, D. C. 
——— Ee 
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Now A cuulable 


Professional Forestry Schools Report. py H. H. Chapman, Har- 
riman Professor of Forest Management, Yale University, and President 
of the Society of American Foresters. An official report on 21 under- 
graduate and 3 postgraduate institutions offering curricula in profes- 
sional forestry in the United States. 188 pages, 17 tables, 21 dia- 
grams. Price $1.50. Society of American Foresters, Mills Bldg., 17th 
and Penna. Ave., N. W., Washington, D. C. 


Contains the results of an exhaustive two-year study of all professional 
schools of forestry in the United States, conducted by the Society of Ameri- 
can Foresters. Analytical tables and grades are given for each school under 
the headings departmental status, faculty and teaching load, personnel of 
teaching force, financial support of the department, equipment, field in- 
struction, history of school, and standing of alumni. 


Individual reports are given for each school, prepared by the school 
and approved by the Society. All data are for the school year 1934-35. A 
rating of the schools is also included, prepared by Dean H. S. Graves and > 
Prof. Cedric Guise, authors of “Forest Education,” 1932. 


In the preparation of this report, original methods were used for de- 
termining the weights of different factors upon which rests the efficiency of 
instruction in forestry. These methods are fully described in the report. 


The report also contains a complete comparative analysis of the curric- 
ula offered by each school in technical forestry, and in specialized subjects 
such as lumbering and logging engineering, wood utilization and technology, 
range management, wildlife management, forest entomology and pathology, 
landscape and recreational engineering, and municipal forestry. 


Seed your order today to 


SOCIETY OF AMERICAN FORESTERS 


Mills Bldg., 17th and Pennsylvania Ave., N. W., Washington, D. C.1 
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Bartlett No. 1-W Compound 
Lever Tree Trimmers—Rope Pull 


tool we have ever produced. / 
It has the Compound Lever § 
cutting head and will sever } 

gf any branch up to ¥ 
7 114” in diameter with 
1 the slightest effort. 8 
ft. pole or longer if 
wanted. 


No. 50 Safety Back 
Pole Pruning Saw 

for large limbs. 36” Blade. Has 
overall length of 5 ft. Either tool 
furnished with poles up to 16 ft. long 
by using extra sections. 


Bartlett Tree Paint 
eee For destroying and preventing 
>. the growth of wood destroying 
fungi and for the protection of 
wounds, use BARTLETT’S TRED 
PAINT. Easily applied with or- 
dinary paint brush. 

Used by State Highway Depts., 
U. S. Gov’t. Public Utilities and 

Professional Tree Experts. 


Write for Catalog 


- GRA LVD. 
BARTLETT MFG. CO. “Strom SneniGan 


On the skilful check of the mi- 
nutest details hangs life and 
death .. . Protect against Tuber- 
culosis by checking your health. 


The National, State and Local Tuberculosis 
Associations of the United States 


Manual of the Trees of North America 


F By CHARLES SPRAGUE SARGENT 


ORTY YEARS went into the making of this book. Its author, the leading authority on the trees of America, 
was the founder and director of the Arnold Arboretum of Harvard University. In it is compressed all the 
essential information on the identification, description and illustration of North American trees from Professor 
Sargent’s ‘Silva of North America.’ The resulting book of 900 pages and nearly 800 illustrations answers 
every question on North American tree species and gives their ranges, the properties and value of their woods 
as well as their English and Latin names. This standard book, published at $12.50, is now offered at $5.00, 
less than half the previous price. 
Order from 


Society of American Foresters 
Mills Bldg., 17th and Pennsylvania Ave., N. W. Washington, D. C. 


THE NEW YORK STATE COLLEGE OF FORESTRY 
SYRACUSE, N. Y. 


Undergraduate courses of four years are offered in forestry leading to the degree 
of Bachelor of Science. There is also opportunity for graduate work in several branches 
of forestry leading to advanced degree. 

The College has ample laboratories and classrooms in William L. Bray Hall and the 
Louis Marshall Memorial Building. It has forest properties approximating 20,000 acres 
that serve for demonstration, research and instruction in forestry. 

Special laboratories for instruction in wood technology, in pulp and paper making, 
in kiln-drying and timber-treating and a portable sawmill are other features of this in- 
stitution. Applications for admission must be filled out and returned before June 15. 


Catalog mailed on request. SAMUEL N. SPRING, Dean 
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Prepare Now for Future Fire Hazards with 


RANGER-SPECIAL 
5-Gal. Water Bag & Spray F ire Pumt 


Tig 


Heavy rubber lined canvas prevents: 
leakage, sweating—air tight closing; 
vice locks automatically when sw 
closed—cannot come open. Made f: 

long-staple American-grown cotton 


|| Extremely com- 
2 fortable and easy 
to carry. Bag con- 
forms to shape of 
your back without 
chafing or digging 
in. 


Can be filled 
quickly by one 
man — large 
square opening 
makes interior of 
bag easily acces- 
sible for cleaning 
— can be rolled 
up and stored in 
limited space. 


Temperature resistivity of ca 
safeguards health of operator 
proofed against mildew, rot, , 
rust — flexibility absorbs sé 
shocks without damage. 


WAJAX Gasoline-Driven Pumps and Ranger Special Mildew-proofed Forestry Hose 


FENWICK-REDDAWAY MANUFACTURING CO. 


SOLE MAKERS: 


46 PARIS ST. NEWARK, N. J. 


Large stocks always on hand assuring immediate shipment on receipt of orde 
Descriptive circulars with full particulars sent on request. 


